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Foreword

The goal of the U.S.Department of Energy (DOE) is to conduct its radiological operations

to ensure the health and safety of all DOE employees including contractors and subcontrac-
tors,and the general public. The DOE strives to maintain radiation exposures to its workers
and the public and releases of radioactivity to the environment below administrative con-
trol levels and DOE limits and to further reduce these exposures and releases to levels that
are As Low As Reasonably Achievable (ALARA).

The DOE Occupational Radiation Exposure Report, 1995 provides summary and analysis of
the occupational radiation exposure received by individuals associated with DOE activities.
The DOE mission includes stewardship of the nuclear weapons stockpile and the associated
facilities, environmental restoration of DOE and precursor agency sites,and energy research.

Collective exposure at DOE has declined by 78% over the past decade due

to a cessation in opportunities for exposure during the transition in DOE mission from
weapons production to cleanup, deactivation, and decommissioning,and changes in
reporting requirements and dose calculation methodology. In 1995, the collective dose
increased by 12% from the 1994 value due to increased activities involving radioactive
materials at five of the six highest-dose DOE sites. These activities range from increased
operations to materials stabilization and cleanup activities.

This is the second report published after a significant effort in cooperation with the field

to re-engineer the DOE Occupational Radiation Exposure Report. The intent is to make this
report a valuable tool for managers in their management of radiological safety programs
and commitment of resources. The process of data collection, analysis,and report genera-
tion is being streamlined to give managers a current assessment of the performance of

the Department with respect to radiological operations. The cooperation of the sites in
promptly and correctly reporting field radiation exposure information is key to the timeli-
ness of this report.

Your feedback and comments are important to us to make this report meet your needs.
A user survey form is included in Appendix F to collect your suggestions to improve this
report.

/ol Mool el

Tara O’Toole, MD., M. PH. Joseph Fitzgerald, Jr.
Assistant Secretary Deputy Assistant Secretary
Environment, Safety and Health Office of Worker Health and Safety
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Executive Summary

This is the second report published as the result of a re-engineering process initiated by the
U.S. Department of Energy (DOE) Office of Environment, Safety and Health (EH) to improve
the DOE Occupational Radiation Exposure Report and associated database. The intent is to
make this report a valuable tool for DOE/DOE contractor managers in their management of
radiological safety programs and to assist them in the prioritization of resources. We
appreciate the efforts and contributions from the various stakeholders within and outside
the DOE and hope we have succeeded in making the report more useful.

The DOE Occupational Radiation Exposure Report, 1995 presents an overview of the
radiation exposure received by DOE employees, contractors,subcontractors, and the
general public. The exposure information is analyzed in terms of collective data,dose to
individuals,and dose by site. For the purposes of examining trends, data for the past 5 years
are included in the analysis.

As shown in the figure below,between 1994 and 1995,the DOE collective total effective
dose equivalent (TEDE) increased by 12% due to an increase in activities at 5 of the 6
highest dose sites. In addition, the average dose to workers with measurable dose increased
by 20%,the number of individuals receiving measurable dose dropped by 7%, and there
were no exposures over the Department’s 5 rem TEDE limit.
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Nearly 80% of the collective TEDE for the DOE complex was accrued at just six DOE sites in
1995. These six sites are Savannah River, Rocky Flats, Hanford, Los Alamos, Idaho,and
Brookhaven. Weapons fabrication and testing facilities account for the highest collective
dose. For the past 3 years, technicians received the highest collective dose of any specified
labor category.

Occupational radiation exposure at DOE has been impacted over the past 5 years by changes in:
¢ reporting requirements, and
+ operational status of DOE facilities,and
+ radiation protection standards and practices

Changes in the reporting requirements have had a significant impact on the collective dose
at DOE. The change in internal dose methodology from annual effective dose equivalent
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(AEDE) to committed effective dose equivalent (CEDE) between 1992 and 1993 resulted in
an apparent reduction of the collective TEDE by up to 28% because the dose from intakes
from previous years is no longer reported in the current year.

Changes in operational status of facilities was the predominant driver behind changes in
the collective dose between 1985 and 1992. As facilities shut down and underwent
transition from operation to stabilization or decommissioning and decontamination, there
were significant reductions in the opportunities for individuals to be exposed. Changes in
operational status resulted in a large reduction in dose in the late 1980s as many facilities
were shut down. The activities contributing to the collective dose and operational status of
certain DOE sites in 1995 is discussed in Sections 3.5 and 3.6.

Radiation protection practices have changed during the past 5 years because of the
implementation of the DOE Radiological Control (RadCon) Manual. The RadCon Manual
changed the methods of determining internal dose, established Administrative Control
Levels (ACLs),standardized radiation protection programs,and formalized ‘As Low As
Reasonably Achievable” (ALARA) practices. Occupational doses at DOE facilities in excess
of 2 rem ACL and 5 rem TEDE limit have decreased over the past 5 years, as shown in the
figures below. For the second year in a row, there were no individuals with doses in excess
of the DOE 5 rem TEDE limit.
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As a result of the analysis presented in this report,several recommendations are made.

+ The changing mission of the DOE has resulted in a shift in the phase of operation for most of the weapons
production facilities at the DOE resulting in the need to track and analyze this information in relation to the
radiation exposure at these facilities.

¢ [t is recommended that, in coordination with CAIRS, ORPS, Epidemiological Surveillance,and other EH database
systems, facility type codes should be standardized.

¢ The sites need to improve the procedures for recording and reporting the occupation codes of the monitored
individuals in accordance with the reporting requirements.

* DOE should establish a historical repository of intake information in order to track and assess radiation dose from
intakes from prior years,since internal dose from prior intakes is no longer reported by the sites.
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Introduction

The DOE Occupational Radiation Exposure
Report, 1995 reports occupational radiation
exposures incurred by individuals at U.S.
Department of Energy (DOE) facilities
during the calendar year 1995. This report
includes occupational radiation exposure
information for all DOE employees,
contractors,subcontractors,and visitors.
This information is analyzed and trended
over time to provide a measure of the DOE’s
performance in protecting its workers from
radiation.

Occupational radiation exposure at DOE
has been decreasing in recent years, but
experienced an increase in 1995. The
increase in collective dose was attributed to
increased activities at five of the six largest
DOE sites. There were no doses in excess of
the 5 rem TEDE limit.

The analysis of trends is complicated by
recent changes in internal dose reporting
methodology and the shifting of the DOE
mission from weapons production to
stabilization and cleanup activities across
the DOE complex. The change in internal
dose reporting and its impact on the
occupational exposure data are examined
in Sections 2 and 3. An analysis of the

Section One

Section Two

included.

Section Three

change in mission and operational status
of certain DOE facilities in relation to
radiation exposure is included in Section
3.6.

In general, the occupational radiation
exposure received by DOE workers is low
compared to DOE exposures in prior years,
particularly during the Cold War era,and in
comparison with occupational exposure
received in the commercial nuclear
industry.

1.1 Report Organization

This report is organized into the five
sections listed below.

Supporting technical information, tables

of data, and additional items that were
identified by users as useful are provided in
the appendices.

Provides the introduction of re-engineering efforts and organization of the report.
Provides a discussion of the radiation protection and dose reporting requirements and

their impacts on data interpretation. Additional information on dose calculation methodologies,
personnel monitoring methods and reporting thresholds, regulatory dose limits, and ALARA are

Presents the occupational radiation dose data from monitored individuals at DOE facilities for 1995.

The data are analyzed to show trends over the past 5 years.

Section Four Includes examples of successful ALARA projects within the DOE complex.

Section Five Conclusions are presented based on the analysis contained in this report. Where applicable,

recommendations are included to address issues that require attention.
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Exhibit 1-1:
Report Re-engineering
Process

|

1.2 Annual Report
Improvement Process

The organization of this report,as well as
many other changes from previous reports,
is the result of recommendations from a
working group tasked with improving the
usefulness of DOE occupational radiation
exposure data. Additional input was
obtained from a survey of report users and
external stakeholders. Similar reports
published by other agencies were reviewed
to identify data treatment techniques that
would better serve the report users. The
report re-engineering process,as shown in
Exhibit 1-1,identified several analyses that
may be useful to users but were not
previously included in DOE exposure
reports. Analyses that have been added to
the 1995 report include; a summary of
radiation exposure occurrence reports,
information on the status of operations at
certain DOE facilities,a description of
activities contributing to dose,and
additional data tables containing
information on internal and neutron dose.
This report is made possible by the valuable
contributions and efforts of stakeholders.

DOE also instituted a process of continuous
improvement to ensure the report continues

Workshops
« St. Louis
» Pleasanton
* Germantown

Review of Other Reports

Working Group

CONTINUOUS IMPR }

System
Design

to evolve in meeting user and stakeholder
needs. As a part of this process,a
questionnaire is included in this report
(Appendix E) to collect suggestions for
improving the report. The report provides
DOE occupational radiation dose status
and analysis of the dose data. The report is
intended to be a valuable tool for DOE/DOE
contractor managers to improve the
radiation protection programs and ALARA
programs,and to assist them in prioritizing
allocation of resources. The report also is
useful in demonstrating DOE radiation
safety performance to external
stakeholders.

1.3 Report Availability

Requests for additional copies of this report
or access to the data files used to compile
this report should be directed to
Ms.Nirmala Rao, REMS Project Manager, U.S.
Department of Energy, Office of Worker
Protection Programs and Hazards
Management (EH-52), Germantown, MD
20874 or by calling the ES&H InfoCenter at
1-800-473-4375. A discussion of the various
methods of accessing the DOE
occupational radiation exposure
information is presented in Appendix E

New
System
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Standards and Requirements

One of DOE’s primary objectives is to
ensure that all of its operations and those of
its contractors are conducted safely. To
help achieve this objective, DOE has
established radiation protection standards
and program requirements to protect
workers and the public from ionizing
radiation. The basic DOE standards are
radiation dose limits, which establish
maximum permissible doses to workers
and visitors. In addition to the requirement
that radiation doses not exceed the limits, it
is DOE’s policy that doses also be
maintained ALARA.

This section discusses the radiation
protection standards and requirements that
were in effect for the year 1995. The
requirements leading up to this time period
are also included to facilitate a better
understanding of changes that have
occurred in the recording and reporting of
occupational dose.

2.1 Radiation Protection
Requirements

DOE radiation protection standards are
based on federal guidance for protection
against occupational radiation exposure
promulgated by the U.S. Environmental
Protection Agency (EPA) in 1987 [1]. These
standards are provided to ensure that
workers at DOE are adequately protected
from exposure to ionizing radiation. This
guidance, initially implemented in 1989, is
based on the 1976 recommendations of the
International Commission on Radiological
Protection [2] and the National Council on
Radiation Protection and Measurements
[3]. The new guidance required that
internal organ dose (resulting from the
intake of radionuclides) be added to the
external whole-body dose to determine the
Total Effective Dose Equivalent (TEDE).
Prior to this, the whole-body dose and
internal organ dose were each limited
separately. The new DOE dose limits based
on the TEDE were established from this
guidance.

1995 Report

DOE became the first federal agency to
implement the revised guidance when it
promulgated DOE Order 5480.11,“Radiation
Protection for Occupational Workers in
December 1988 [4]. DOE Order 5480.11
was effective from 1989 through 1995.

In June 1992,the DOE Radiological Control
(RadCon) Manual [5] was issued and
became effective in 1993. The RadCon
Manual was the result of a Secretarial
initiative to improve and standardize
radiological protection practices
throughout DOE and to achieve the goal of
making DOE the pacesetter for radiological
health and safety. The RadCon Manual is a
comprehensive guidance document written
for line managers and senior management.
The RadCon Manual states DOE’s views on
the best practices currently available in the
area of radiological control. The RadCon
Manual was revised in 1994 in response to
comments from the field and to enhance
consistency with the requirements in 10
CFR 835 [6].

10 CFR 835 became effective on January 13,
1994, and required full compliance by
January 1,1996. In general, 10 CFR 835
codifies existing radiation protection
requirements in DOE Order 5480.11. With
the promulgation of 10 CFR 835, DOE Order
5480.11 was canceled and the RadCon
Manual was made non-mandatory
guidance. The rule provides nuclear safety
requirements that, if violated, will provide a
basis for the assessment of civil and
criminal penalties under the
Price-Anderson Amendments Act of 1988,
Public Law 100-408, August 20, 1988 [7].

DOE Notice 441.1, “Radiological Protection
for DOE Activities,” [8] (applicable to
defense nuclear facilities) was issued to
establish radiological protection program
requirements that,combined with 10 CFR
835 and its associated non-mandatory
implementation guidance, form the basis
for a comprehensive radiological
protection program.
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During 1994 and 1995, DOE undertook an
initiative to reduce the burden of
unnecessary, repetitive, or conflicting
requirements on DOE contractors. As a
result, DOE Order 5484.1 [9] requirements
for reporting radiation dose records are
now located in the associated manual, DOE
M 231.1-1, “Environment, Safety and Health
Reporting” [10],which became effective
September 30,1995.

The requirements of DOE M 231.1-1 are
basically the same as Order 5484.1, however,
the dose terminology was revised to reflect
the changes made in radiation protection
standards and requirements. For 1995, DOE
Order 5484.1 remained in effect. However, a
few sites began reporting under the new
DOE M 231.1-1 for 1995. Because each site
implements the new requirements as
operating contracts are issued or
renegotiated, complete implementation will
take several years.

2.1.1 Monitoring Requirements

10 CFR §835.402 requires that, for external
monitoring, personnel dosimetry be
provided to personnel expected to receive
an effective dose equivalent to the whole-
body greater than 0.1 rem or an effective
dose equivalent to the skin or extremities,
lens of the eye, or any organ or tissue
greater than 10% of the corresponding
annual limits. Monitoring for internal
radiation exposure is required when the
individual is likely to receive 0.1 rem or
more Committed Effective Dose Equivalent
(CEDE), and/or 5 rems or more Committed
Dose Equivalent (CDE) to any organ or
tissue. Monitoring for minors and members
of the public is required if the dose
(internal or external) is likely to exceed
50% of the annual limits. Monitoring of
declared pregnant females is required if the
dose (internal or external) to the embryo/
fetus is likely to exceed 10% of the limit.

Monitoring for external exposures is
required for any individuals entering a high
or very high radiation area.

2.1.1.1 External Monitoring

External dosimeters are used to measure
ionizing radiation from sources external to
the individual. The choice of dosimeter is
based on the type and energy of radiation
that the individual is likely to encounter in
the workplace. An algorithm is then used to
convert the exposure readings into dose.
External monitoring devices include
photographic film (film badges),
thermoluminescent dosimeters, pocket
ionization chambers,electronic dosimeters,
personnel nuclear accident dosimeters,
bubble dosimeters, plastic dosimeters,and
combinations of the above.

Beginning in 1990, the Department of
Energy Laboratory Accreditation Program
(DOELAP) formalized accuracy and
precision performance standards for
external dosimeters and quality assurance/
quality control requirements on the overall
external dosimetry programs for facilities
within the DOE complex. All DOE facilities
were DOELAP-accredited by the fall of 1995.

External dosimeters have a limit of
detection of approximately 0.010 - 0.030
rem per monitoring period. The differences
are attributable to the particular type of
dosimeter used and the types of radiation
monitored. Monitoring periods are usually
quarterly for individuals receiving less than
0.300 rem/year and monthly for individuals
who routinely receive higher doses or who
enter higher radiation areas.

2.1.1.2 Internal Monitoring

Personnel internal radiation monitoring
programs include work area monitoring
and bioassay monitoring. Work area
monitoring includes both air sampling and
surface contamination monitoring. The
purpose of work area monitoring is to
identify sources of removable radioactive
material. Bioassay monitoring includes
in-vitro (outside the body) and in-vivo
(inside the body) sampling. In-vitro assays
include urine and fecal samples, nose
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swipes, saliva samples,and hair samples.
In-vivo assays include whole-body
counting, thyroid counting,lung counting,
and wound counting.

Monitoring intervals for internal
dosimetry are dependent on the
radionuclides being monitored and their
concentrations in the work environment.
Routine monitoring intervals may be
monthly, quartetly, or annually, whereas
special monitoring intervals following an
incident may be daily or weekly.
Reporting thresholds for internal
dosimetry are highly dependent on the
monitoring methods, the radionuclides in
question,and their chemical form.
Follow-up measurements and analysis
may take many months to confirm
preliminary findings. With the advent of
the publication of ANSI N13.30-1996,
“Performance Criteria for Radiobioassay”,
DOE is developing a Radiobioassay
Accreditation Program with scheduled
implementation in 1998.

Exhibit 2-1:
DOE Dose Limits from 10 CFR 835

2.2 Radiation Dose Limits

Radiation dose limits are now codified in
10 CFR §835.201-209 and are summarized
in Exhibit 2-1.

Under § 835.204, Planned Special
Exposures (PSEs) may be authorized in
certain conditions allowing an individual
to receive exposures in excess of the dose
limits shown in Exhibit 2-1. With the
appropriate prior authorization, the dose
limit for an individual may be increased
to an additional 5 rems TEDE above the
routine exposure limit as long as the
individual does not exceed a cumulative
lifetime TEDE of 25 rems. PSE doses are
required to be recorded separately and
are only intended to be used in
exceptional situations where dose
reduction alternatives are unavailable or
impractical. Restrictions on the use of
PSEs are extensive,and for this reason,
they are expected to be rarely used at
DOE.

Personnel | Section of
Category | 10 CFR 835 | Type of Exposure

General §835.202 Total Effective Dose Equivalent TEDE 5 rems
Employees

Deep Dose Equivalent + Committed DDE+CDE 50 rems

Dose Equivalent to any organ or (TODE)

tissue (except lens of the eye).

This is often referred to as

the Total Organ Dose Equivalent

Lens of the Eye Dose Equivalent LDE 15 rems

Shallow Dose Equivalent to the skin ~ SDE-WB 50 rems

of the Whole-body or to any and

Extremity SDE-ME
Declared §835.206 Total Effective Dose Equivalent TEDE 0.5 rem per
Pregnant gestation
Worker period
Minors §835.207 Total Effective Dose Equivalent TEDE 0.1 rem
Members of §835.208 Total Effective Dose Equivalent TEDE 0.1 rem
the Public
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2.2.1 Administrative Control Levels

ACLs were included in the RadCon
Manual. ACLs are established below the
regulatory dose limits to administratively
control and help reduce individual and
collective radiation dose. ACLs are
multi-tiered, with increasing levels of
authority required to approve a higher
level of exposure.

The RadCon Manual established a DOE
ACL of 2 rem per year per person for all
DOE activities. Prior to allowing an
individual to exceed this level, approval
from the appropriate Secretarial Officer or
designee must be received. In addition,
contractors were required to establish an
annual facility ACL. This control level is
established by the contractor senior site
executive and is based upon an evaluation
of historical and projected radiation
exposures, workload,and mission. The
RadCon Manual suggests an annual
facility ACL of 0.5 rem or less; however, the
Manual also states that a control level
greater than 1.5 rem is,in most cases, not
sufficiently challenging. Approval by the
contractor senior site executive must be
received prior to an individual exceeding
the facility ACL.

ACLs are not specified in 10 CFR 835.
However, they are specified under DOE
Notice 441.1. Administrative controls are
required to be implemented to keep doses
below the dose limits and to keep doses
ALARA. DOE N 441.1 establishes the
following administrative control limits: a 2
rem annual TEDE, a 1 rem cumulative
TEDE per year of age, and requires that a
facility-specific ACL be established for
each site.

2.2.2 ALARA Principle

Up until the 1970s, the fundamental
radiation protection principle was to limit
occupational radiation dose to quantities
less than the regulatory limits and to be

concerned mainly with high dose and high
dose rate exposures. During the 1970s,
there was a fundamental shift within the
radiation protection community to be
concerned with low dose and low dose
rate exposures because it can be inferred
from the linear no-threshold dose response
hypothesis that there is an increase level of
risk associated with any radiation
exposure. The ALAP (As Low As
Practicable) concept was initiated and
became part of numerous guidance
documents and radiation protection good
practices. ALAP was eventually replaced
by ALARA. DOE Order 5480.11, the
RadCon Manual, and 10 CFR 835
formalized the guidance and required that
each DOE facility have an ALARA Program
as part of its overall Radiation Protection
Program.

The ALARA methodology considers both
individual and group doses and generally
involves a cost/benefit analysis. The
analysis considers social,technical,
economic, practical, and public policy
aspects to the overall goal of dose
reduction. Because it is not feasible to
reduce all doses at DOE facilities to zero,
ALARA cost/benefit analysis must be used
to optimize levels of radiation dose
reduction. According to the ALARA
principle, resources spent to reduce dose
needs to be balanced against the risks
avoided. Reducing doses below this point
results in a misallocation of resources;the
resources could be spent elsewhere and
have a greater impact on health and safety.

To ensure that doses are maintained
ALARA at DOE facilities, the DOE
mandated in DOE Order 5480.11 and
subsequently in the RadCon Manual that
ALARA plans and procedures be
implemented and documented. To help
facilities meet this requirement, the DOE
developed a manual of good practices for

DOE Occupational Radiation Exposure




reducing exposures to ALARA levels [11].
This document includes guidelines for
administration of ALARA programs,
techniques for performing ALARA
calculations based on cost/benefit
principles, guidelines for setting and
evaluating ALARA goals,and methods for
incorporating ALARA criteria into both
radiological design and operations. The
establishment of ALARA as a required
practice at DOE facilities demonstrates

2.4 Change in Internal Dose
Methodology

Prior to 1989, intakes of radionuclides into
the body were not reported as dose, but as
body burden in units of activity (UCi) of
intake. The implementation of DOE Order
5480.11 in 1989 specified that the intakes
of radionuclides be converted to internal
dose and reported using the annual

Readers should note
that the method of
calculating internal
dose changed from

DOE'’s commitment to ensure minimum
risk to workers from the operation of its
facilities.

effective dose equivalent (AEDE)
methodology.

2.3 Reporting Requirements

In 1987,the DOE promulgated revised
reporting requirements in DOE Order
5484.1,"Environmental Protection, Safety,
and Health Protection Information
Reporting Requirements.” Previously,
contractors were required to report only
the number of individuals who received
an occupational whole-body exposure in
one of 16 dose equivalent ranges. The
revised Order requires the reporting of
exposure records for each employee and
visitor. Required dose data reporting
includes the TEDE, internal dose
equivalent,shallow dose equivalent to the
skin and extremities,and Deep Dose
Equivalent (DDE). Other reported data
included the individual’s age, sex,
employment status,and occupation, as
well as the relevant organization and
facility type.

Occupational radiation exposure
reporting requirements are now included
in DOE M 231.1-1, which became effective
September 30, 1995. The reporting
requirements under DOE M 231.1-1 are
very similar to the requirements under
Order 5484.1.

1995 Report

With the implementation of the RadCon
Manual in 1993, the methodology used to
calculate and report internal dose was
changed from the AEDE to the 50-year
CEDE. The change was made to conform
with the consensus of the radiation
protection community and the revised 10
CFR 20 [12],which was implemented in
1994 regulating commercial nuclear power
plants and other commercial uses of
radiation and radioactive materials. The
CEDE methodology is now codified in 10
CFR 835.

AEDE to CEDE

1993.

The following is a description of these
methodologies and a discussion of how
this change has impacted the DOE dose
data.

2.4.1 Annual Effective Dose
Equivalent

The AEDE method of determining internal
dose involves calculating the annual dose
to the worker for each year since the
original intake event. Because many of the
radionuclides used at DOE are long-lived,
workers can receive an annual dose from
past intakes for many years, even a lifetime.
DOE used the AEDE method for
calculating internal dose equivalent
because the annual dose resulting from an
intake was more representative of the
actual dose received by the worker during
each calendar year.

Standards and Requirements

between 1992 and
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The AEDE method is problematic from a
radiological control viewpoint. It does not
account for the dose that would be
received by an individual during his
lifetime. Facilities must keep track of prior
intakes to determine the dose for the
current year. The AEDE method does not
consider the future dose to the worker
resulting from a current year intake. The
AEDE method may also impact the
individual’s future job potential. The
accumulation of prior year AEDE doses
(legacy doses) may result in a current year
dose in excess of the facility’s ACL and
restrict the individual’s current year
radiation work opportunities.

The AEDE method spreads the accounting
of an intake across many future years. This
decreases the likelihood that the annual
reported dose will exceed a regulatory
limit or ACL and therefore reduces the
likelihood of regulatory enforcement and/
or corrective actions related to intakes of
radioactive material.

2.4.2 Committed Effective
Dose Equivalent

The CEDE method assigns all of the dose
the individual will receive from an intake
for the next 50 years to the year the intake
occurred. The sum of all AEDE doses over
50 years from a given intake of
radionuclides is equal to the CEDE from
the same intake. By assigning all of the
future dose to the year of intake, even
small intakes of long-lived radioactive
material can result in a relatively large
dose being assigned to a single year in the
year of intake. The CEDE increases the
pressure on facilities to limit such
exposures and allows DOE to limit internal
dose during the year of occurrence while
not unduly impacting the worker’s future
employability.

2.4.3 Impact on the Dose Data

This change in internal dose accounting
and reporting has two main impacts on the
DOE dose data. First and foremost is that
“legacy doses” (internal AEDE dose
resulting from intakes in years prior to the
dose report year) are included in the
collective TEDE shown in this report for
1991 and 1992. Legacy doses represent a
significant amount of dose to the DOE
worker population during these years.

In 1992, nearly 5,500 individuals were
receiving 65% of their annual dose from
intakes that occurred in prior years, many
having occurred 20 to 30 years before. In
the analysis of exposures in excess of the
DOE limits and the 2 rem ACL presented in
Sections 3.3.1 and 3.3.2, readers should
note that most of the exposures for 1991
and 1992 were because of the inclusion of
the AEDE from prior year intakes.

Beginning in 1993, internal dose was
reported using the CEDE methodology:.
Legacy doses were no longer included or
reported because the CEDE is calculated
only from new intakes occurring during
the year of the report. The new reporting
requirements did not require the reporting
of internal dose resulting from intakes
during prior monitoring years.

Because these legacy doses are no longer
reported, there is an apparent large drop
from 1992 to 1993 in the total collective
dose for all workers, and in the number of
workers who received high doses. Where
applicable, the contribution from legacy
dose has been highlighted. Readers
should be alerted to the significance of
this change in order to correctly interpret
the data.

DOE Occupational Radiation Exposure




The second major impact of the change
from AEDE to CEDE is in the internal dose
for 1993 through 1995. As noted
previously, the CEDE includes the dose to
the individual for the next 50 years. This
greatly magnifies the dose from small
intakes of long-lived radionuclides.
Intakes that would have resulted in an
AEDE below ACLs prior to 1993 now may
result in a CEDE above the regulatory
limits. For long-lived radionuclides, the
difference in values between AEDE and
CEDE may be up to 50 times.

It is important to note that the change
from AEDE to CEDE impacted the
calculation of dose from only long-lived
isotopes,such as uranium and plutonium.
Internal dose from the intake of isotopes
with retention periods of less than a year,
such as tritium, were not impacted. For
short-lived isotopes or isotopes with short
retention periods,AEDE is equal to the
CEDE because the entire dose is accrued
during the year of intake.

2.4.4 External Dose

The change from the AEDE to CEDE for
internal dose does not affect the reporting
of external dose. The only changes in the
DDE data from 1987 through 1995 have
been the continuing improvements in
dosimeter detection levels and
standardization through accreditation by
DOELAP Interpreting the trends of DDE
during this period is, therefore, consistent.

1995 Report
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Occupational Radiation Dose at DOE

3.1 Analysis of the Data

The purpose of analyzing occupational
radiation dose data is to reveal
opportunities to improve safety and to
demonstrate performance. This is
accomplished through analysis and
explanation of observed trends. Several
indicators were identified from the data
submitted to the central data repository that
can be used to evaluate the occupational
radiation exposures received at DOE
facilities. Analysis of these indicators falls
into three categories: collective, individual,
and site. In addition, the key indicators are
analyzed to identify and correlate
parameters having an impact on radiation
dose at DOE.

The key indicators for the analysis of
collective data are: collective dose, number
of monitored individuals and individuals
with measurable dose, average measurable
dose, and the distribution of dose. Analysis
of individual dose data includes an
examination of doses exceeding DOE limits,
and doses exceeding the 2 rem DOE ACL.
Analysis of site data includes comparisons
by site,labor category,and facility type.
Additional information is provided
concerning activities at sites contributing to
the collective dose.

3.2 Analysis of Collective Data

3.2.1 Number of Monitored
Individuals

The number of monitored individuals
represents the size of the worker population
at DOE provided with dosimetry. This
number represents the sum of all monitored
individuals,including all DOE employees,
contractors, and visitors. The number of
monitored individuals is an indication of
the size of a dosimetry program, but it is not
necessarily an indicator of the size of the

1995 Report

exposed workforce. This is because of the
conservative practice at some DOE facilities
of providing dosimetry to individuals for
reasons other than the potential for
exposure to radiation and/or radioactive
materials exceeding the monitoring
thresholds. Many individuals are monitored
for reasons such as security, administrative
convenience, and legal liability. Some sites
offer monitoring for any individual who
requests monitoring, independent of the
potential for exposure. For this reason,
workers receiving measurable dose better
represent the exposed workforce.

3.2.2 Number of Individuals with
Measurable Dose

The DOE uses the number of individuals
receiving measurable dose to represent the
exposed workforce size. The number of
individuals with measurable dose includes
any individuals with reported TEDE greater
than zero.

Exhibit 3-1 shows the total number of
workers at DOE, the total number
monitored, and the number with
measurable dose for the past 5 years. From
1991 to 1995, 66% of DOE employees and
contractors were monitored for radiation
exposure. However, most of these
individuals did not receive any measurable
radiation dose. Only 22% of monitored
workers (12% of the DOE workforce)
received a measurable dose during this 5-
year time period. The number of workers
with measurable dose has decreased by
25% over the past 5 years.

Half (14) of the 28 sites experienced
decreases in the number of workers with
measurable dose from 1994 to 1995, with
the largest decreases occurring at the
Hanford and Savannah River sites.
Portsmouth Gaseous Diffusion Plant
experienced a large increase in the number

Occupational Radiation Dose at DOE 3-1
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Exhibit 3-2:
Components of TEDE, 1991-1995

3,000

2,500

2,000

-
[$)]
o
o

Collective TEDE (person-rem)

1,000

500

1991 1992 1993 1994 1995
Year

It is important to note that the collective The large decrease in the internal
TEDE includes the components of dose from 1992 to 1993 was due to
external dose and internal dose. Exhibit the change in calculating and
3-2 shows the types of radiation and their ~ reporting of the internal dose from
contribution to the collective TEDE. The AEDE to CEDE. It must be noted
photon, neutron,and internal dose that the internal dose shown in
components are shown. Exhibit 3-2 for 1993 through 1995 is
based on the CEDE and therefore

Legend

D Internal Dose (AEDE) from

New Intakes During the
Monitoring Year

Internal Dose (AEDE) from
Prior Intakes

Internal Dose (CEDE) from

. New Intakes During the

Monitoring Year

Photon (Deep)

D Neutron

The collective TEDE
increased by 12%
at DOE from 1994
to 1995.

Half of the DOE sites
reported increases in
the collective TEDE

from the 1994 values.

Photon dose - the
component of external
dose from gamma or
x-ray electromagnetic
radiation.

Neutron dose - the
component of external
dose from neutrons
ejected from the nucleus
of an atom during
nuclear reactions.

Internal Dose - radiation
dose resulting from
radioactive material
taken into the body.
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should not be compared with the AEDE
internal dose from 1991 and 1992. The
internal dose component decreased by
40% from 1994 to 1995, primarily due to
decreases in internal dose at Los Alamos
National Laboratory (LANL) and Rocky
Flats.

Because the reporting of internal dose
changed in 1993 (see Section 2.4),it is
necessary to analyze the collective
external dose during this time period in
order to examine the collective dose trend
across the past 5 years. External dose is
comprised of radiation dose from photons
(gamma or x-ray) and neutrons.

The photon dose decreased by 16% from
1991 to 1992 primarily because of
decreases at Savannah River,Idaho, and
LANL resulting from decreased activities
at these facilities. The photon dose
remained fairly stable at about 1,200
person-rem during the years 1992-1994, but
increased by 14% to 1,442 person-rem in
1995 due to increased activities at 5 of the
6 highest dose sites. Activities responsible
for increased dose at these sites included
work on power sources for NASA,
increased research at an accelerator
facility, nuclear materials stabilization
activities,and decontamination and
decommissioning work. A discussion of
the activities leading to this increase is
included in Section 3.5.

The neutron component of the TEDE has
increased by 8% from 1994 to 1995. This is
primarily due to an increase in the
neutron dose at LANL. LANL contributes
48% of the neutron dose at the DOE. This
is because LANL is one of the few
remaining sites to actively handle
plutonium. Working with plutonium in
gloveboxes results in neutron dose from
the alpha,n reaction and from
spontaneous fission of the plutonium.
Activities involving plutonium at LANL
increased in 1995 due to the production
of heat sources for the National
Aeronautics and Space Administration
(NASA), which resulted in an increased
neutron dose from 132.5 person-rem in
1994 to 174.1 person-rem in 1995.

The neutron dose at Brookhaven National
Laboratory (BNL) also increased from
1994 to 1995. This increase was due to an
82% increase in the number of days of
operation of their accelerator facility. The
collective neutron dose by site is shown in
Appendix B, Exhibit B-3.

Collective dose information for prior years
can be found in Appendix B, Exhibit B-4.
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Exhibit 3-3:

Average Measurable DDE Dose and Average Measurable TEDE

1991 1992

1993 1994 1995

Year
] Average Measurable DDE Note: 1991-1992 (TEDE = DDE + AEDE)
[[] Average Measurable TEDE (rem) 1993-1995 (TEDE = DDE + CEDE)

3.2.4 Average Measurable Dose

The average measurable dose to DOE
workers is determined by dividing the
collective dose by the number of
individuals with measurable dose. This is
considered a key indicator of the overall
level of radiation dose received by DOE
workers.

The average measurable TEDE is shown in
Exhibit 3-3. The average measurable TEDE
decreased by 21% from 1991 to 1994, but
increased by 20% from 1994 to 1995. The
average measurable DDE increased by
21% from 1994 to 1995. The increase in
average measurable dose for 1995 is due
to the 12% increase in the collective TEDE,
as well as a 7% decrease in the number of
individuals with measurable TEDE. The
combined factors of fewer individuals
receiving more dose resulted in the
increase in average measurable dose.

1995 Report

While the collective dose and average
measurable dose serve as measures of
the magnitude of the dose accrued by
workers at DOE, they do not provide any
indication of how each dose was

distributed across the worker population. The average

An effective measure of ALARA is the measurable TEDE
reduction in dose to individuals, as well increased by 20%
as to the overall workforce. from 1994 to 1995.

3.2.5 Dose Distribution

Exposure data are commonly analyzed in
terms of dose intervals to depict the
manner in which the dose is distributed
among the worker population. Exhibit 3-4
shows the number of individuals in each
of 18 different dose ranges. The dose
ranges are presented for the TEDE and
DDE to allow analysis of the dose
independent of the change in internal

Occupational Radiation Dose at DOE
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Exhibit 3-4:
Dose Distributions, 1991-1995

Dose Ranges (rem) mmmm“

Less than Measurable 88,444 92,526 94,297 98,900 101,947 103,905 91,121 92,245 103,663 104,793

& Measurable < 0.1 25,319 23,031 23,896 21,019 21,210 19,356 21,511 20,469 19,273 18,191
E 0.10-0.25 3,752 2,753 3,581 2,585 2,487 2,437 2,437 2,389 2,543 2,513
o 0.25-0.5 1,447 988 1,252 852 1,017 985 934 920 1,134 1,124
3 0.5-0.75 381 266 346 235 195 183 329 317 374 371
9 0.75-1.0 187 11 165 78 93 89 99 94 131 131
] 1-2 193 95 132 42 87 86 79 77 157 153
ui 2-3 25 22

£ 3-4 9 9 1 1

= 4-5 8 6 2 1

3 5-6

2 6-7 2 2

H 7-8 1

5 8-9 1 1

3 @ '

= 11-12

2 >12 2 1 2

Total Monitored 119,770 119,770 123,711 123,711 127,042 127,042 116,511 116,511 127,276 127,276
Number with Meas. Dose 31,326 27,244 29,414 24,811 25095 23,137 25390 24,266 23,613 22,483
Number with Dose >0.1rem 6,007 4213 5518 3,792 3,885 3,781 3,879 3,797 4,340 4,292

% of Individuals

with Meas. Dose 26% 23% 24% 20% 20% 18% 22% 21% 19% 18%
Collective Dose (person-rem) 2,574 1,762 2,295 1,504 1,644 1,534 1,643 1,600 1,840 1,809
Average Measurable Dose (rem) 0.082 0.065 0.078 0.061 0.066 0.066 0.065 0.066 0.078 0.080

* Individuals with doses equal to the dose value separating the dose ranges are included in the next higher dose range.

dose reporting from 1992 to 1993 (see consideration. Another way to examine
Section 2.3). The number of individuals the dose distribution is to analyze the
receiving doses above 0.1 rem is also percentage of the dose received above a
included to show the number of certain dose value compared to the total
individuals with doses above the collective dose.

monitoring threshold specified in 10 CFR

835.402(a) and (c). In 1982, the United Nations Scientific

Committee on the Effects of Atomic
A reduction in the number of individuals Radiation (UNSCEAR) [13] defined CR as
in the higher dose ranges as seen in the fraction of the collective dose
Exhibit 3-4 is one indication that ALARA delivered above 1.5 rem. UNSCEAR
principles are being effectively applied to identified this parameter as an indicator of

reduce dose to individual workers in the the efforts to reduce high doses. The DOE
DOE workplace. A few examples of has adapted this approach to allow a
successful ALARA practices are included quantification and analysis of the dose

in Section 4. However, an analysis of the distribution at DOE.

number of individuals in each dose range

is limited, because the relative magnitude Ideally, only a small percentage of the

of the collective dose received by these collective dose is delivered to individuals
individuals is not taken into in the higher dose ranges. In addition,a

3-6 DOE Occupational Radiation Exposure




Exhibit 3-5:
Distribution of Collective Dose vs Dose Values

Percentage of Collective TEDE Above Dose Values

1.0 rem
2.0rem

trend in the percentage above a certain
dose range decreasing over time
indicates the effectiveness of ALARA
programs to reduce doses to individuals
in the higher dose ranges.

Exhibit 3-5 shows the distribution ratio
given by percentage of collective TEDE
and DDE above each of five dose values,
from 0.1 rem to 2 rem. This graph shows
the two properties described above as the
goal of effective ALARA programs at DOE:
(1) a relatively small percentage of the
collective dose accrued in the high dose
ranges,and (2) a decreasing trend over
time of the percentage of the collective
dose accrued in the higher dose ranges.
Much of the observed trend that occurred
from 1992 to 1993 coincides with the
change from AEDE to CEDE.

The data for 1995 reveal that a greater

percentage of the collective TEDE was
accrued between 0.1 rem and 2.0 rem

1995 Report

Percentage of DDE Above Dose Values

0.25rem

0.5rem
1.0 rem

e
vl 2.0 rem

pos® pos®

than in the previous 2 years. The
percentages of the collective TEDE above
0.1 rem,0.25 rem,and 0.5 rem were up
nearly 10% for each dose value. This
indicates an increase in the collective TEDE
accrued by individuals in these dose ranges.
Seventy percent of the workers in these dose
ranges are in the labor categories of
Operators, Scientists, and Technicians. This
coincides with the information gathered
from the sites that operational and research
activities increased during 1995, which
would tend to increase dose to workers in
these labor categories.

The distribution of the collective TEDE
shown in Exhibit 3-5 for 1995 is similar to the
distribution in 1992. It should be noted that
greater than 25% of all of the collective
TEDE from 1991-1995 was delivered at doses
less than the monitoring threshold of 0.1
rem specified in 10 CFR 835.402 (a) and (c).
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There were no
individuals with a
dose in excess of
the 5 rem TEDE
limit in 1994 or
1995.

All of the events
resulting in doses
in excess of DOE
limits from 1991
to 1993 were from
internal dose.

Exhibit 3-6:
Number of Individuals Exceeding 5 rem
(TEDE), 1991-1995

38

Number of Individuals Exceeding 5 rem (TEDE)

3.3 Dose to Individuals

The above analyses are all based on
collective dose data for DOE. From an
individual worker perspective as well as a
regulatory perspective, it is important to
more closely examine the doses received
by individuals in the high dose ranges in
order to more thoroughly understand the
circumstances leading to high doses in
the workplace and how these doses may
be mitigated in the future. The following
analysis focuses on doses received by
individuals that were in excess of the DOE
limit (5 rem TEDE) and the DOE ACL (2
rem TEDE).

3.3.1 Doses in Excess of DOE Limits

Exhibit 3-6 shows the number of doses in
excess of the regulatory limit (5 rem
TEDE) from 1991 through 1995. Further
information concerning the individual

1991

1992 1993 1994 1995

Year

doses, radionuclides involved, and site
where the doses occurred is shown in
Exhibit 3-7. Most of the doses in excess of
the limit shown for 1991 and 1992 were
from legacy intakes as noted in the
exhibit.

For the second year in a row, there were
no doses above the 5 rem TEDE limit.
There were no reported doses in excess of
the DOE limits (see Exhibit 2-1) to the
eyes,skin,or extremities for 1995.
However, there were two events involving
the intake of radioactive material that
resulted in committed dose equivalents
(CDE) to the maximally exposed organ or
tissue in excess of the 50 rem limit
specified in 10 CFR 835.202. The two
events are summarized below.

LEGEND

|:| Internal Dose (AEDE)
from New Intakes

l:l Internal Dose (AEDE)
from Prior Intakes

Internal Dose (CEDE)
from New Intakes
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Exhibit 3-7:
Doses in Excess of DOE Limits, 1991-1995

Year

Year

Uptake Person

TEDE*
(rem)

DDE
(rem)

Internal
Dose* *

Intake Nuclides

Facility Types

Los Alamos Nat'l.
Los Alamos Nat'l.

Rocky Flats
Rocky Flats
Rocky Flats

Los Alamos Nat'l.

Rocky Flats
Rocky Flats
Rocky Flats
Rocky Flats

Los Alamos Nat'l.
Los Alamos Nat'l.
Los Alamos Nat'l.

Rocky Flats

Lab.
Lab.

Lab.

Lab.
Lab.
Lab.

1991 1952 A 6.339 0 6.339 Pu238 Research, General
1991 1967 17.471 0 17.471 Pu238 Maint. & Support
1991 <1991 B 15.000 0.050 14.950 Pu239, Pu240, Am-241 Weapons Fabrication
1991 <1991 C 6.500 0.034 6.466 Pu239, Pu240, Am-241 Weapons Fabrication
1991 <1991 D 8.000 0.057 7.943 Pu239, Pu240, Am-241 Weapons Fabrication
1992 1952 A 6.400 0 6.400 Pu238 Research, General
1992 <1992 B 14.490 0.013 14.477 Pu239, Pu240, Am-241 Weapons Fabrication
1992 <1992 C 6.526 0.019 6.507 Pu239, Pu240, Am-241 Weapons Fabrication
1992 <1992 D 7.789 0.019 7.770 Pu239, Pu240, Am-241 Weapons Fabrication
1992 1992 9.855 0 9.855 Pu239, Pu240, Am-241 Weapons Fabrication
1993 1993 17.220 0 17.220 Pu239, Pu240 Maint. & Support
1993 1993 22.068 0.189 21.879 Pu239, Pu240 Research, General
1993 1993 8.709 0.209 8.500 Pu239, Pu240 Research, General
1993 1993 9.218 0.058 9.160 Pu239, Pu240, Am-241 Weapons Fabrication
1994 None Reported

1995 None Reported

* TEDE is provided for 1991-1992 for comparison purposes only.

** AEDE for 1991-1992, CEDE for 1993-1995.

< Year of uptake is unknown, but is known to be prior to the year indicated.

The first incident occurred at the Oak
Ridge National Laboratory (ORNL) and
was due to an intake of Plutonium-238
and Americium-241. The individual
received an intake from a wound to the
hand during cutting operations on a low
level waste line located inside a high
contamination area.The intake resulted in
a CDE to the bone surfaces of 53.9 rem.
This individual also received an external
deep dose (DDE) of 0.089 rem resulting in
a TODE (DDE+CDE) to the bone surfaces
of 53.989 rem. The CEDE for this
individual was determined to be 2.99
rem.

The second event occurred at Lawrence
Livermore National Laboratory (LLNL)
and is still in the process of being
assessed. The final calculated dose may
or may not exceed the limit. The intake
involved a long-lived nuclide
(neptunium) that resulted in a dose to the
bone surface that is near the DOE organ

1995 Report

dose limit of 50 rem. A postdoctoral
student was working with a mixture of
natural uranium,Np-237 and Th-232 when
the centrifuge failed, resulting in cuts to
the individual's hand, chest, and chin as
well as personnel contamination.

Long-term follow-up bioassay and dose
assessment for this incident is continuing,
but is complicated by the fact that a
chelated intake of Np-237 is involved, for
which there is little or no human
experience.The best estimate to date is
that the 50-year CEDE will be in the range
of from 1 to 3 rem. The ranges of
corresponding committed organ doses
are as follows:

Organ Estimated CDE (rem)
Bone Surfaces 20 to 70 rem

Red Bone Marrow 2to 6 rem

Liver 1to2rem
Ovaries 0.2 to 0.6 rem

Occupational Radiation Dose at DOE
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Exhibit 3-8:

This range of values is based on bioassay
results received through 9 months post-
incident. These estimates indicate that the
50 rem CDE limit to the bone surfaces may
be exceeded. As planned,additional
longerterm bioassay samples are being
collected or are in analysis,and analysis of
the available results is ongoing.

Further information may be obtained from
the Occurrence Report SAN—LLNL-LLNL-
1995-0032.

3.3.2 Doses in Excess of
Administrative Control Level

The RadCon Manual sets a 2 rem ACL for
TEDE, which cannot be exceeded without
prior DOE approval. Each DOE site is
required to establish its own, more
restrictive ACLs that require contractor
management approval to be exceeded.
The number of individuals receiving doses
in excess of the 2 rem ACL is a measure of
the effectiveness of DOE’s radiation
protection program.

Number of Doses in Excess of the DOE 2 rem ACL, 1991-1995

The number of individuals with exposures
above 2 rem has dropped considerably
during 1991-1995, as shown in Exhibit 3-8.
However, nearly all of this decrease
occurred between 1992 and 1993 because
of the change in internal dose reporting.
Legacy internal doses contributed to the
vast majority of the individuals above 2
rem for 1991 and 1992.

If one excludes the legacy doses from
prior years, it should be noted that the
number of doses in excess of 2 rem in
1994 and 1995 is equivalent to the number
in 1991. In 1993 the number increased to
6. This was also the first year of reporting
the 50-year committed effective dose
equivalent (CEDE) which results in the
calculation of higher internal doses from
long-lived nuclides. Four of these 6 doses
also exceeded the 5 rem TEDE limit as
described in Section 3.3.1.

LEGEND

Internal Dose (AEDE) Accrued
D During Monitoring Year

Internal Dose (AEDE) Accrued
L | from Legacy Intakes

40

Number of Individuals
Exceeding 2 rem (TEDE)

30

20

I . I I I
1991 1992 1993 1994 1995

Year

3-10

Internal Dose (CEDE) Accrued
During Monitoring Year
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There was only one TEDE dose in excess
of 2 rem in 1995. The dose was due to an
intake of Plutonium-238 and Americium-
241 that occurred at the ORNL. The
individual received an intake from a
wound received during cutting operations
on a low level waste line located inside a
high contamination area.The resultant
CEDE for the individual was calculated to
be 2.99 rem. This individual also received
an external dose of 0.089 rem resulting in
a TEDE of 3.079 for 1995. Two other
individuals also received internal dose
from skin contamination during this
incident resulting in doses below the 2
rem ACL.

The final dose assessment for this event
was not reported until 5/2/97 and
therefore the dose in excess of the ACL
was not included in earlier reports of
occupational exposure for 1995. For more
information concerning this event, see the
Occurrence Reports ORO-LMES-X10CM-
1996-004 and ORO-MKFO-X10CONSTRM-
1995-0010.

| Exhibit 3-9:

3.3.3 Internal Depositions of
Radioactive Material

As discussed in Section 3.3.1, in the past,
some of the most significant doses to
individuals have been the result of intakes
of radioactive material. For this reason,
DOE emphasizes the need to avoid intakes
and tracks the number of intakes as a
performance measure.

The number of internal depositions of
radioactive material (otherwise known as
worker intakes) for 1993-1995 is shown in
Exhibit 3-9.The internal depositions were
categorized into one of eight radionuclide
groups. Intakes involving multiple nuclides
are listed as “mixed” nuclides. Nuclides
where fewer than ten individuals had
intakes over the 3-year period were
grouped together as “other” nuclides.

Exhibit 3-9 only shows the intakes that
occurred during the past 3 years that were
reported using the CEDE internal dose
calculation methodology. For an analysis
of legacy doses from prior years,see the
annual report for the period 1992 - 1994.

Number of Intakes, Collective Internal Dose, and Average Dose by Nuclides, 1993-1995

Year 1993 1994

Hydrogen-3 (Tritium) 1,455 4 908

Technetium 19 27
Thorium 268 280
Uranium 1,365 9214 <
Plutonium 116 66
Americium-241 13 3
Other 29 14
Mixed 2 16
Totals 3,267 2,228

Number of Workers
with New Intakes*

Collective

Average
‘per‘;ﬁg_fem, CEDE (rem)

1995 1993 1994 1995 1993 1994 1995
810 10.695 10.680  6.995  0.007 0.012  0.009
0.218  0.281 0.011  0.010
31 3387 2918 1.192 0013 0010 0.038
8804« 16.146 10.660 11.354¢ 0012 0.012 0.013

72 78.257¢18.290¢ 9.682  0.675¢ 0277 0.1344¢
20 0642 1560  0.457  0.049 0.520¢ 0.023
34 0542 0072 0918 0019 0005 0.027
4 0026 1.139 0166 0013 0071  0.042
1,851 109.913 45.600 30.764 0.034 0.020 0.017

Note: Arrowed values indicate the greatest value in each column.

*Individuals may have received intakes of more than one
nuclide and therefore may be counted more than once.
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The internal dose

records indicate that

the majority of the

intakes reported are

at very low doses.

Exhibit 3-10:
Internal Dose Distribution from Intakes, 1991-1995

Most intakes of radioactive material
during the 3-year period were the result

of exposure to tritium or uranium. The
highest collective CEDE dose was from
plutonium. The average CEDE doses from
these intakes are quite low because of the
radiological and biological characteristics
of these radionuclides and the large
number of monitored individuals with low
CEDE dose from these radionuclides.

The highest average CEDE dose was from
plutonium. Plutonium yields particularly
high values for CEDE because of the long
radiological half-life and the long-term
deposition of the material in the bone.
Americium intakes have a high average
CEDE for similar reasons, but the number
of intakes and collective dose are much
smaller than for plutonium. Both the
collective and average doses for
plutonium and americium were down
significantly for 1995, primarily due to a
significant drop in intakes reported at
LANL. LANL experienced a drop in
collective CEDE from 15 person-rem to 1

Number of Individuals* with internal dose in each dose range (rem).

0.020- | 0.100-
Year 0.100 | 0.250 | 0.500 | 0.750
420 36

1991
1992
1993
1994
1995

2,913
2,970
2,533
1,712
1,564

537
354
224
245

12 1 1
70 12 13 8 4 1
56 22 6 2 1
29 18 7 2 2
33 4 1 3 1

person-rem despite an overall increase

in activities involving plutonium in 1995.
Rocky Flats also experienced a significant
decrease in the number of intakes and
internal dose.

The internal dose records indicate that the
majority of the intakes reported are at very
low doses. In 1995,85% of the internal
doses are below 0.020 rem representing
only 25% of the collective internal dose.
The 15% of the internal doses above 0.020
rem accounts for 75% of the collective
internal dose. Over the 5-year period,
internal doses from new intakes
accounted for only 3% of the collective
TEDE and only 12% of the individuals
received internal dose above the
monitoring threshold specified in 10 CFR
835.402 (¢).

Total Collective
Internal Dose

* *

(person-rem)

3,383 41.101

2 1 3,618 99.386
1 4 2,979 109.913

1,995 45.600

1,851 30.764

Note: Individuals with doses equal to the dose value separating the dose ranges are included in the next higher dose range.
* Individuals may have multiple intakes in a year and, therefore, may be counted more than once.
** Collective internal dose = AEDE for 1991-1992, CEDE for 1993-1995.
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Exhibit 3-10 shows the distribution of the
internal dose from 1991 to 1995. The total
number of individuals with doses in each
dose range is for each record of intake.
The internal dose does not include doses
from prior intakes (legacy AEDE dose).
Individuals with multiple intakes during
the year are counted more than once in
Exhibit 3-9 and, for this reason, the totals
in Exhibit 3-10 do not correspond to those
in Exhibit 3-9. Doses below 0.020 rem are
shown as a separate dose range to show
the large number of doses in this low-
dose range. Even with the change in
methodology from AEDE to CEDE in 1993,
all but six of the doses are below the 2
rem ACL and all but four are below the

5 rem DOE dose limit for the years
1993-1994. All but one of the internal
doses were below 2 rem in 1995. The
distribution of internal dose by site

and nuclide for 1995 is presented in
Appendix B-21.

1995 Report

When examining trends involving
internal dose, several factors should be
considered. Some of the largest changes
in the number of reported intakes over
the years were the result of changes in
internal dosimetry practices. Periodically,
sites will change monitoring practices or
procedures, which may involve increasing
the sensitivity of the detection equipment,
thereby increasing the number of
individuals with measurable internal
doses. Conversely,sites may determine
that internal monitoring is no longer
required due to historically low levels of
internal dose or a decreased potential for
intake. There are relatively few intakes
each year,and the CEDE method of
calculating internal dose can result in
large internal doses from the intake of
long-lived nuclides. This can result in
significant statistical variability of the
internal dose data from year to year.

Occupational Radiation Dose at DOE
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3.4 Site Analysis

3.4.1 Collective TEDE by Operations/Field Offices

The collective TEDE for 1993-1995 for the major DOE sites and Operations/Field Offices is
shown in Exhibit 3-11. A list of the collective TEDE and number of individuals with
measurable TEDE for the DOE Operations/Field Offices and sites is shown in Exhibit 3-12.
The collective TEDE increased by 12% between 1994 and 1995 with six of the highest
dose sites (LANL, BNL, Idaho, Rocky Flats, Hanford,and Savannah River) contributing 80%
of the total DOE collective TEDE.

Exhibit 3-11:
Collective TEDE by Site/Facility

] Ima
|
Idaho
National
Engineering
Mantord Laboratory
Site 'i
Argonne
est
Stanford Linear H Lawrence Accelerator |||
Accel. Center/| I £ Berkeley Laboratory Chicago Femal!
(SLAC) Laboratory Operations Envir. (&
'_ Los Alamos Mgmt.
Lawrence National Paducah
[ 2 Livermore Laboratory Gas. Diff.
National
& Labora'.c’l'y— Sandia 0 "
Oakland Nevada Uranium National perations
i Test Site :
Operations if Mill Tailings Laboratory Oak Ridge
} Remedial Action D
LEGEND (UMTRAY River Site
Albuquerque
200 Operations
Collective

(person-rem)

o -

=] O ]

1993 1994 1995

Note: A complete list of the collective dose,
number of individuals with measurable
dose, and average measurable dose for
each Operations/Field Office can be found
in Appendix B.
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Exhibit 3-12:

Collective TEDE and Number of Individuals with Measurable TEDE by Site/Facility, 1993-1995

Operations/
Field Office

Albuquerque

Chicago

DOE HQ
ldaho
Nevada

Oakland

Oak Ridge

Ohio

Rocky Flats
Richland
Savannah River

Totals

Site/Facility

Ops. and Other Facilities

Los Alamos National Lab. (LANL)

Pantex Plant (PP)

Sandia National Lab. (SNL)

Uranium Mill Tailings Remedial Action
(UMTRA) Project

Ops. and Other Facilities

Argonne Nat'l. Lab. - East (ANL-E)
Argonne Nat'l. Lab. - West (ANL-W/)
Brookhaven Nat'l. Lab.(BNL)

Fermi Nat'l. Accelerator Lab.(FERMI)

DOE Headquarters
Idaho Site
Nevada Test Site (NTS)

Ops. and Other Facilities

Lawrence Berkeley Lab. (LBL)

Lawrence Livermore Nat'l. Lab. (LLNL)

Stanford Linear Accelerator Center
(SLAC)

Ops. and Other Facilities

Oak Ridge Site

Paducah Gaseous Diff. Plant (PGDP)

Portsmouth Gaseous Diff. Plant
(PORTS)

Ops. and Other Facilities

Fernald Environmental Management
Project*

Mound Plant**

West Valley* **

Rocky Flats Eng. Tech. Site (RFETS)
Hanford Site

Savannah River Site (SRS)

*  Fernald Site reported under the Fernald Field Office in 1993 and the Ohio Field Office in 1994.
** Mound Site reported under Albuquerque Ops. Office in 1993 and now reports under the Ohio Field Office.
*** West Valley Site reported under Idaho Ops. Office in 1993 and now reports under the Ohio Field Office.

Note: Arrowed values indicate the greatest value in each column.

1995 Report

1993
@
% 7
%® R
L2 A
50, ©%
2 8P
0.5 28
199.2 1,391
46.0 445
11.9 314
9.2 369
10.8 321
20.9 185
28.4 263
59.9 713
16.0 238
3.4 61
235.5 1,175
1.7 20
3.0 32
6.8 137
30.2 194
44.0 615
8.6 171
76.1 1,939
6.5 171
33.6 832
26.1 1,020
6.6 258
17.5 249
265.9( 5,605¢
211.5 3,147
264.4 5,202
1,644.2 25,095

1994 1995
@ @
(o) O
B %L a% %3
%% > 0 %, T
B3R 2 B3 2
2 RS 22 A5
0.4 26 1.6 40
190.0 2,448 234.9 2,583
29.1 347 36.9 329
12.0 250 11.1 343
15.0 390 1.3 58
8.3 233 6.5 135
40.3 280 37.2 297
26.3 343 37.6 335
92.3 865 145.8 973
14.3 526 13.4 473
2.7 43 0.1 8
236.8 1,659 284.0 1,501
2.0 20 0.5 9
0.8 20 1.3 20
5.7 92 4.5 76
18.8 146 13.0 159
16.3 219 20.2 236
6.8 255 6.2 167
69.2 1,613 76.9 1,804
6.8 151 9.0 225
30.3 836 27.5 1,623
0.0 2 0.0 5
24.2 925 30.4 955
9.1 299 6.4 175
24.3 292 26.9 311
231.9 3,660 260.8 3,427
214.8 3,166 290.7 < 2,500
314.5 < 6,284 ¢ 255.5 44,8464
1,643.1 25,390 1,840.2 23,613
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Exhibit 3-13:
Doses by Labor Category, 1993-1995

Number with Meas. Dose Collective TEDE* (person-rem) Average Meas. TEDE (rem)

_ePor estegey mmmmmmmm

Agriculture 7 9 0.8 0.7 0.5 0.130 { 0.100 < 0.058
Construction 2,533 2,335 2,300 137.9 149.0 164.2 0.054 0.064 0.071
Laborers 849 807 729 59.7 55.2 76.3 0.070 0.068 0.105
Management 2,171 2,003 1,629 77.2 80.6 74.4 0.036 0.040 0.046
Misc. 2,735 1,655 3,496 111.6 77.5 169.4 0.041 0.047 0.048
Production 3,319 3,090 2,779 268.2 284.5 282.0 0.081 0.092 0.101
Scientists 4,402 ( 5,201 ¢ 3,513 171.5 197.7 153.7 0.039 0.038 0.044
Service 1,279 1,201 962 44.8 51.8 37.0 0.035 0.043 0.038
Technicians 4,111 4,238 3,929 382.4 ¢ 393.8 ¢ 429.1 0.093 0.093 0.109
Transport 423 478 313 14.9 21.1 18.0 0.035 0.044 0.057
Unknown 3,267 4,375 3,954 4 375.2 331.2 435.4 4 0.115 0.076 0.110 4
Totals 25,095 25,390 23,613 1,644.2 1,643.1 1,840.2 0.066 0.065 0.078

Note: Arrowed values indicate the greatest value in each column.
* 1993-1995 TEDE = CEDE + DDE

3.4.2 Dose by Labor Category labor category for 1993-1995 are shown

in Exhibits 3-13 and 3-14. Apart from the
“unknown” category, Technicians and
Production staff have the highest collective
TEDE for 1995 because they generally
handle more radioactive sources than
individuals in the other labor categories.
Thirty-six percent of the technician dose

is attributed to radiation monitoring
technicians.

DOE occupational exposures are tracked
by labor category at each site to facilitate
identification of exposure trends, which
assist management in prioritizing ALARA
activities. Worker occupation codes are
reported in accordance with DOE Order
5484.1 (or the new DOE M 231.1-1) and
Exhibit 3-14: : . .
Graph of Doses by Labor are grouped into major labor categories
Category, 1993-1995 in this report. The collective TEDE to each

The collective TEDE is also high for the
“unknown” category. One of the reasons
this occupation category contains a large
number of individuals is because LANL
reports all of their workers in this category.
Fifty-four percent of the dose in this
category is attributed to LANL. The LANL
computer system does not currently
maintain the data necessary to report
occupation codes in accordance with
DOE M 231.1-1. LANL is addressing this
issue. Other sites also report large numbers
of individuals with an occupation code of
“unknown”. Typically these workers are
subcontractors or temporary workers.
Information concerning these workers
tends to be limited.

Collective TEDE (person-rem)

Labor Category
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To examine internal dose by labor
category,the dose from intake is
presented in Appendix B, Exhibit B-19.

3.4.3 Dose by Facility Type

DOE occupational exposures are tracked
by facility type at each site to better
understand the nature of exposure trends
and assist management in prioritizing
ALARA activities. Contribution of certain
facility types to the DOE collective TEDE
is shown in Exhibits 3-15 and 3-16. The
collective dose for each facility type at
each Operations/Field Office is shown in
Appendix B,Exhibit B-7.

The highest collective TEDE for 1993-1995
were those at weapons fabrication and
testing facilities. Sixty-six percent of this
dose was accrued at Rocky Flats, with
20% and 9% from Pantex and Savannah
River,respectively.

To examine internal dose by facility type,
the internal dose from intake is presented
in Appendix B, Exhibit B-17.

Exhibit 3-16:
Doses by Facility Type, 1993-1995

Exhibit 3-15:
Graph of Dose by Facility Type, 1993-1995

Collective TEDE (person-rem)

Number with Meas. Dose

Facility Type

Collective TEDE*
(person-rem)

Average Meas. TEDE (rem)

0.068 0.098
0.036 0.020
0.039 0.037
0.082 ¢ 0.108
0.050 0.075
0.073 0.110 <
0.076 0.077

0.1064¢( 0.082 ¢ 0.095

0.079 0.067
0.044 0.064
0.070 0.074
0.065 0.078

Facility Type
1993 | 1994 | 1995 | 1993 | 1994 | 1995 | 1993 | 1994 | 1995 |

Accelerator 1,650 1,750 1,718 125.8 118.1 168.5 0.076
Fuel/Uranium Enrichment 1,150 1,121 1,915 45.3 40.1 39.2 0.039
Fuel Fabrication 1,234 1,140 1,055 41.7 44.3 39.5 0.034
Fuel Processing 1,921 2,049 1,505 160.9 167.0 163.0 0.084
Maintenance and Support 2,804 3,189 2,820 148.5 160.8 210.9 0.053
Other 2,150 2,889 2,510 196.3 211.1 280.9 0.091
Reactor 1,322 1,280 896 90.8 97.0 68.7 0.069
Research, General 2,922 3,435 3,269 309.3 283.0 311.1

Research, Fusion 120 160 134 3.6 12.6 9.0 0.030
Waste Processing/Mgmt. 1,940 2,923 2,458 107.6 129.2 156.9 0.055
Weapons Fab. and Testing 7,8924 5,4544 5,333( 414.2¢ 379.84¢ 392.5¢ 0.053
Totals 25,095 25,390 23,613 1,644.2 1,643.1 1,840.2 0.066

Note: Arrowed values indicate the greatest value in each column.

*1993-1995 TEDE = CEDE + DDE
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Exhibit 3-17:

Criteria for Radiation Exposure and Personnel Contamination Occurrence Reporting

Individuals receiving a dose in excess of the occupational exposure
limits (See Exhibit 2-1) for on-site exposure or exceeding the limits
in DOE 5400.5 for offsite exposures to a member of the public.

¢ Any single occupational exposure that exceeds an expected

¢ Any single unplanned exposure onsite to a minor, student, or
member of the public that exceeds 50 mrem.

¢ Any dose that exceeds the limits specified in DOE 5400.5 for
offsite exposures to a member of the public.

¢ Any single occurrence resulting in the contamination of five or
more personnel or clothing at a level exceeding the RCM values
for total contamination limits.

¢ Any occurrence requiring off-site medical assistance for

+ Any measurement of personnel or clothing contamination offsite
at a level exceeding the RCM limits for removable contamination.

Radiation Unusual
Exposure
Off-Normal
exposure by 100 mrem.
Personnel Unusual
Contamination
contaminated personnel.
Off-Normal

Any measurement of personnel or clothing contamination at a level

exceeding the RCM total contamination limits.

3.4.4 Radiation Protection
Occurrence Reports

In addition to the records of individual
radiation exposure monitoring required
by DOE M 231.1-1 (previously DOE Order
5484.1),sites are required to report
certain unusual or off-normal
occurrences involving radiation under
DOE M 232.1-1 (previously DOE Order
5000.3B). These reports are submitted to
the Occurrence Reporting and Processing
System (ORPS). Two of the categories of
occurrences are directly related to
occupational exposure and are required
to be reported under Section 8.3 as
“Group 4” occurrences. Group 4A reports
are Radiation Exposure occurrences, and
Group 4B are Personnel Contamination
occurrence reports. The occurrence
reporting requirements for DOE M 232.1-1
are summarized in Exhibit 3-17.

In summary, Radiation Exposure
occurrences are reported in instances
where individuals were exposed to
radiation above anticipated levels.
Personnel Contamination occurrences are

reported when personnel or clothing are
contaminated above certain thresholds.
The number of reports submitted to
ORPS is indicative of breaches or lapses
in radiation protection practices resulting
in unanticipated radiation exposure or
contamination of personnel or clothing.
Increases or decreases in the number of
these occurrences may reflect trends in
activities which result in radiation
exposures and the effectiveness of
radiation protection programs at DOE.

It is important to note that reports are
submitted to ORPS for an occurrence or
event. In some cases,one event could
result in the contamination or exposure
of multiple individuals. In ORPS, this is
counted as one occurrence, even though
multiple individuals were exposed. In
addition, one occurrence report may
involve multiple similar occurrences. For
this reason, the number of occurrences
and the number of occurrence reports
are considered here.
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| Exhibit 3-18:

Radiation Exposure Occurrence Reports, 1993-1995

Number of Reports

Number

|
1993 1994 1995 1993

Number of Occurrences

Exhibit 3-19:

Personnel Contamination Occurrence Reports, 1993-1995

Number of Reports

|
1995 1993 1994 1995

Number of Reports

Number of Occurrences

D Unusual Occurrence

D Off-Normal

D Unusual Occurrence

D Off-Normal

The number of occurrences and
occurrence reports for radiation exposures
and personnel contaminations is presented
in Exhibits 3-18 and 3-19. The number

of occurrence reports for both types of
events has decreased over the past 3
years. The number of Radiation Exposure
occurrence reports has decreased by 22%
over the past 3 years, while the number

of Personnel Contamination reports has
decreased by 25%.

For radiation exposure occurrences,

there is no difference in the number of
reports and the number of occurrences,
indicating that no reports were submitted
that included multiple occurrences.
Therefore the number of occurrences
and occurrence reports decreased by 22%.
For personnel contamination occurrences,
there have been several reports that
contain multiple occurrences that have
been submitted over the past 3 years, but
only for "off-normal” occurrences. All of
the occurrence reports that were
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categorized as "unusual” dealt with a
single occurrence. The number of
personnel contamination occurrences
has decreased by 19% from 1993 to 1995.

The decrease in the number of radiation
exposure occurrences is primarily due to
a decrease in the number of occurrences
at the Hanford site between 1993 and 1994
due to decreased activities that had the
potential to result in exposures requiring
occurrence reports. In addition,several of
the 1993 occurrence reports concerned
events that occurred in 1991 and were
discovered and reported during 1993.

The decrease in the number of personnel
contamination reports is primarily due to
decreases for the Oak Ridge site (mainly
the Y-12 Plant) and Argonne National Lab.,
West (ANL-W). Three factors contributed
to the decrease at the Oak Ridge site. In
1994,Y-12 began combining multiple
occurrences into one report, called “roll-

Occupational Radiation Dose at DOE

Number of Occurrences

' |
1993 1994 1995
Year

The number of
Radiation Exposure
occurrences has
decreased by 22%
from 1993 to 1995.

The number of
Personnel
Contamination
occurrences has
decreased by 19%.
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Exhibit 3-20:

up”reports. The Y-12 Plant also underwent
an operational stand-down during 1994
that reduced the opportunities for these
types of occurrences. In addition, the
reporting requirements in effect for Oak
Ridge changed from DOE Order 5000.3A
to Order 5000.3B during 1993. The
reporting threshold for personnel
contamination occurrences under 5000.3A
were much lower than 5000.3B,and
therefore, more occurrences were
reportable.

At ANL-W, the decrease in personnel
contamination reports is due to the
completion of decontamination activities
at two 30-year old facilities; the Fuel Cycle
Facility,completed in 1993, and the
Analytical Laboratory,completed during
1995.

For 1995, 25 of the 29 occurrence reports

(86%) shown in Exhibit 3-18 involve “off-

normal”occurrences. Nineteen of the 29
reports (66%) for 1995 involved

Personnel Contamination Occurrences by Affected Area, 1994-1995

Number of Occurrences

Clothing Shoes
Affected Area

occurrences with the potential for internal
dose from contamination and inhalation.
Seven of the 19 reports involved the
potential for internal dose, but did not
result in doses received by workers. Four
of the 19 reports involved possible intakes
where bioassay monitoring is ongoing.
The remaining seven reports involve
intakes resulting in internal dose in excess
of anticipated doses and one report
involved beryllium and did not result in
any radiation exposure.

Three of the four “unusual” events involved
internal dose. One report involved CEDE
doses to two individuals of 1.195 and
1.335 rem. Another report involved an
intake of neptunium as described in
Section 3.3.1. The third report does not
involve dose received by any individuals,
but involved a contamination event that
resulted in the potential for intake. The
fourth report involved a high reading on
an individuals’ dosimeter.

No Radiation Exposure occurrence reports
submitted to ORPS from 1993 to 1995 have
involved exposures to minors or members
of the public.

For the years 1994 and 1995,371 of the
Personnel Contamination occurrences
involved contamination of the skin of the
worker, 333 involved contamination of the
clothing,and 270 involved contamination
of the shoes worn by the worker, as shown
in Exhibit 3-20. The breakdown of reports
by affected area for 1993 is not available.

DOE Occupational Radiation Exposure




Exhibits 3-21 and 3-22 show the
breakdown of occurrence reports for
Radiation Exposure and Personnel
Contamination by site for the 3-year
period 1993 to 1995. Fifty-five percent of
the Radiation Exposure occurrences were
reported by two sites, Rocky Flats and
Hanford. Personnel Contamination
occurrence reports are more evenly
distributed among the sites, with Hanford
and the Oak Ridge sites submitting nearly
40% of the reports. Almost all of the sites
submitted fewer reports for both types of
exposure occurrence for 1995 with the
exception of Savannah River,which
submitted more of both types of reports
in 1995.

Further information concerning ORPS
information can be obtained by
contacting Eugenia Boyle, of EH-33, or the
ORPS web page at:

http://tis.eh.doe.gov/systems/orps.html |

3.5 Activities Contributing to
Collective Dose in 1995

In an effort to identify the reasons for
changes in the collective dose at DOE,
several of the larger sites were contacted
to provide information on activities that
contributed to the collective dose for
1995. The sites were: LANL,BNL, Idaho,
Rocky Flats,Hanford,and Savannah River.
These sites were the top six sites in their
contribution to the collective TEDE for
1995 and comprise 80% of the total DOE
dose. Five of the six sites reported
increases in the collective TEDE, which
resulted in a 12% increase in the DOE
collective dose in 1995. The six sites are
shown in Exhibit 3-23 including a
description of activities at the site that
contributed to the collective TEDE for
1995.
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Exhibit 3-21:
Radiation Exposure Occurrence Reports by Site, 1993-1995

All Other
11 (11%)

Rocky Flats

Argonne East 31 (32%)

5 (5%)

LANL
5 (5%)

Nevada Test Site
6 (6%)

Oak Ridge Site
7 (7%)

Savannah River
9 (9%)

Hanford

22 (23%)

Exhibit 3-22:
Personnel Contamination Occurrence Reports by Site, 1993-1995

All Other

Hanford
238 (20%)

240 (21%)

ANL-W
67 (6%)

Idaho
114 (10%)

Oak Ridge Site
217 (19%)

LANL
131 (11%)

Savannah River
162 (14%)
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A historical analysis of events and trends
over the past 10 years is included in
Appendix B,Exhibit B-21.

3.6 Operational Status of
Certain DOE Facilities

One of the most significant factors
impacting the occupational dose at DOE
is the operational status of DOE facilities.
The shutdown of a facility that processes
radioactive materials may limit the
potential for radiation exposure of a large
number of workers. Conversely, the
resumption or acceleration of activities
at a facility or the commencement of
environmental restoration activities can
increase exposures. This section examines
the phase of operation of certain DOE
facilities and the relationship to the

Exhibit 3-24:

at Six DOE Sites for 1995

Percentage of Site Collective TEDE

@& .

\
W
®®

A oe®
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Percentage of Collective TEDE by Operational Phase

collective dose. The term “facility”is used
here to denote a building or functional
group of buildings within a DOE site. This
should not be confused with the “facility
type” discussed in Section 3.4.3.

For purposes of this analysis, the phases of
operation were broken down into the
following four categories:

Facility or Laboratory Operation - This
phase of operation includes new facilities
that are brought on line to replace or
augment existing facilities and the
maintenance and operation of facilities.
This phase of operation includes
laboratories that are dedicated to a
specific function (i.e.,sampling
laboratories that are included in
operations), and research laboratories.

NUc/e ar are
aste lerig
ang Faci;
, en Iemen; Y Stapyy,,.
é{@s\ aciljty, la/ Resty.. . 2atiop,
\ 0, Oratjo,
'\d\(b\ ra n
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*Exposure breakdown by phase of operation for Rocky Flats was estimated.
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Exhibit 3-25:
Percentage of Collective TEDE by Operational Phase at Six DOE Sites for 1995

Nuclear Material

Facility or

LANL

BNL

Savannah River
Rocky Flats*
Idaho

Hanford

Total

*Exposure breakdown by phase of operation for Rocky Flats was estimated.

3-24

Nuclear Material and Facility
Stabilization - This phase of operation
includes the protection of workers and
the environment from exposure and
contamination, stabilization of hazardous
nuclear and chemical materials,
deactivation of facilities to attain the
lowest surveillance and maintenance
costs,and disposition of facilities to the
Environmental Restoration phase of
operation.

Waste Management - This phase of
operation includes managing the
treatment,storage,and disposal of wastes,
and working to minimize the generation
of new waste. Waste management
includes high-level radioactive waste,
transuranic waste, low-level radioactive
waste, hazardous waste, mixed waste
(radioactive and hazardous) and spent
nuclear fuel. The remediation of
treatment and disposal facilities and
corrective activities that are conducted
to bring these facilities into compliance
with applicable local, state, and federal
regulations are also part of the waste
management phase.

and Facility Management | | Restoration Labordtory

0% 0% 0% 100%

0% 0% 0% 100%
69% 25% 0% 6%
50% 40% 10% 0%
47% 53% 0% 0%
31% 65% 0% 4%
36% 35% 2% 27%

Environmental Restoration - This
phase of operation includes the
assessment and remediation of facilities
and land no longer used for nuclear
weapons production, as well as other
inactive sites. These sites range from
contaminated buildings to abandoned or
inactive waste disposal sites. This phase
of operation is often described as the
“cleanup” portion of environmental
management.

These phases of operation are recorded
in the 1996 Baseline Environmental
Management Report (BEMR) [14] for
each facility, or group of facilities, at each
DOE site. These phases correspond with
phases B through F in Exhibit A-2. Phases
D and E have been combined into
Environmental Restoration.

Six sites are included in this analysis.
These six sites were the top six
contributors to the DOE collective dose
and accounted for 80% of the DOE
collective dose in 1995. These six sites
provided a breakdown of the site
collective dose per facility. These two
sources of information were combined to

DOE Occupational Radiation Exposure




provide a representation (Exhibits 3-24
and 3-25) of percentage of the collective
dose attributed to each phase of
operation at these sites.

Exhibit 3-24 shows the changing nature of
the DOE mission. Two of the six sites are
laboratories that are continuing their
mission of support for energy research (at
BNL) and defense programs (at LANL).
The other four sites have all been turned
over to the environmental management
program and their operational activities
have almost completely shut down. These
sites are heavily involved in the Nuclear
Material and Facility Stabilization phase
with Waste Management accounting for a
large percentage of the collective dose.
Three of the sites have been in the
environmental management program for
several years; Hanford since 1989, Rocky
Flats and Idaho since 1994. The Savannah
River site was turned over to
environmental management in 1995 and
therefore shows the largest percentage of
collective dose in the Nuclear Materials
and Facility Stabilization phase.

The four weapons facilities (Savannah
River,Rocky Flats,Idaho,and Hanford) are
shown from left to right in the relative
chronological order of their transition
from stabilization to cleanup. As the
collective dose from stabilization
activities decreases, the dose from waste
management activities increases. The
total percentage of the collective dose for
all six sites broken down by phase of
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operation is also shown in Exhibits 3-24
and 3-25. The dose contribution from the
Facility or Laboratory Operations is nearly
the same relative magnitude as Nuclear
Material and Facility Stabilization and
Waste Management in 1995. To date,
environmental restoration activities do
not yet contribute significantly to the DOE
collective dose.

In future years, it is anticipated that there
will be a continued decrease in Facility or
Laboratory Operations, Nuclear Material
and Facility Stabilization, and Waste
Management activities with an increase in
Environmental Restoration activities.
Because contaminated facilities continue
to be added to the environmental
management program, any decrease in
the collective TEDE for Nuclear Material
and Facility Stabilization in the near
future could be offset by new facilities
being incorporated into the
environmental management program.

DOE Headquarters will continue to
monitor the transition of the phase of
operation of these facilities in future years
in relation to the collective dose. The
transition in phase of operation can take
several years; therefore, many years of
data must be collected to provide further
analysis.

Occupational Radiation Dose at DOE 325




326 This page intentionally left blank. DOE Occupational Radiation Exposure




ALARA Activities at DOE

This section recognizes highly successful
ALARA projects and encourages the use of
similar innovative ideas at other locations in
the DOE complex. In future years, ALARA
success stories,such as those described
below, will be included in the DOE
Occupational Radiation Exposure Report.

The following is a description of a
successful ALARA project submitted by the
Los Alamos National Laboratory (LANL)
concerning a project which reduced
radiation exposure during accelerator
magnet replacement activities.

4.1 LANL Electro-Septum
Magnet Redesign

During 1995 a project was undertaken to
redesign an electro-septum magnet used in
the Proton Storage Ring (PSR) at LANL. The
previous magnet was difficult to maintain,
repair,and replace. Dose levels routinely
exceeded 15 rem/hr. Typical magnet
maintenance activities resulted in 1500-
2000 person-millirem of exposure and
resulted in up to 72 hours of downtime for
the accelerator.

Exhibit 4-1:
Electro-Septum Magnet Diagram
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Flanges —
Radiation Shield

A LANL design team was formed with
members from the Accelerator Physics and
Engineering group and the Accelerator
Maintenance and Development group. The
Accelerator Operations and Technology
Division supports design and operations for
the Los Alamos Neutron Science Center
(LANSCE) beam delivery complex,
maintains the equipment associated with
the complex,and develops new
accelerator/beam delivery capabilities.The
group is responsible for: ion sources and
injectors, the radio-frequency and
mechanical systems in the accelerator, all
of the systems for the PSR and its
associated transfer lines,and beam
diagnostics in the accelerator and transfer
lines.The team was charged with
developing a magnet, magnet support,and
radiation shield which would minimize
exposure to maintenance personnel during
repair or replacement activities.

The final design, as shown in Exhibits 4-1
and 4-2,incorporates a self-aligning
aluminum support structure, single bolt
chain clamped metal sealed Helicoflex™
flanges with bellows, easily accessible
electrical and water connections,and a
heavy steel shield for installation during
maintenance periods. Self-alignment

Electro-Septum Magnet

~)

Diagram Courtesy of LANL

ALARA Activities at DOE
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Exhibit 4-2:

Electro-Septum Magnet Photo

The redesign
effort resulted in
an estimated dose
reduction of 50%.

4-2

eliminates the exposure previously
incurred when two alignment technicians
were needed to position the magnet.
Aluminum was used to take advantage of
shorter half-lives of isotopes produced
through spallation reactions. Single bolt
flanges with bellows allow relatively quick
vacuum joints to be assembled and a
radiation shield protects workers
maintaining or repairing utilities on the
magnet or working in the immediate
vicinity.

Initial trial runs and final installation have
indicated that the magnet may be
replaced and full beam production
returned within 16 hours. The alignment
of a new magnet repeats within four
thousands of an inch. General
background radiation levels with the

Photo Courtesy of LANL

shield installed are reduced by
approximately 50%. The total person-rem
of exposure needed to remove an old
magnet and install a new magnet is
estimated to have been reduced by 50%
because of the time saved. This resulted in
an estimated dose savings of 750-1000
person-millirem. In addition to dose
reduction, downtime costs were also
dramatically reduced. Downtime during
beam production periods at the LANSCE
is estimated at $10,000 per hour. The 56-
hour reduction in downtime translates
into a cost savings of $560,000 per magnet
replacement.

For further information concerning this
project,contact Michael Borden at LANL,
MS H838, Los Alamos, NM, 87545 or via
e-mail at borden@lanl.gov.
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4.2 Submitting ALARA
Success Stories for Future
Annual Reports

Individual success stories should be
submitted in writing to the DOE Office of
Worker Protection Programs and Hazards
Management. The submittal should
describe the process in sufficient detail to
provide a basic understanding of the
project, the radiological concerns,and the
activities initiated to reduce dose.

The submittal should address the
following:

¢ mission statement,

¢ project description,

+ radiological concerns,

¢ information on how the process
implemented ALARA techniques in
an innovative or unique mannet,

+ estimated dose avoided,

+ project staff involved,

+ approximate cost of the ALARA
effort,

+ impact on work processes,in
person-hours if possible (may be
negative or positive),and

* point-of-contact for follow-up by
interested professionals.

4.3 Lessons Learned Process
Improvement Team

In March 1994, the Deputy Associate
Secretary for Field Management
established a DOE Lessons Learned
Process Improvement Team (LLPIT). The
purpose of the LLPIT is to develop a
complex-wide program to standardize
and facilitate identification,
documentation, sharing,and use of

1995 Report

lessons learned from actual operating
experiences throughout the DOE
complex. This information sharing and
utilization is commonly termed “Lessons
Learned”within the DOE community.

The collected information is currently
located on an Internet World Wide Web
(Web) site as part of the Environmental
Safety & Health (ES&H) Technical
Information System (TIS). This system
allows for shared access to lessons
learned across the DOE complex. The
information available on the system
complements existing reporting systems
presently used within DOE. DOE is taking
this approach to enhance those existing
systems by providing a method to quickly
share information among the field
elements. Also, this approach goes
beyond the typical occurrence reporting
to identify good lessons learned. DOE
uses the Web site to openly disseminate
such information so that not only DOE
but other entities will have a source of
information to improve the health and
safety aspects of operations at and within
their facilities. Additional benefits
include enhancing the work place
environment and reducing the number of
accidents and injuries.

The Web site contains several items that
are related to health physics. Items range
from off-normal occurrences to
procedural and training issues.
Documentation of occurrences includes
the description of events, root-cause
analysis,and corrective measures. Several
of the larger sites have systems that are
connected through this system. DOE
organizations are encouraged to
participate in this valuable effort.

ALARA Activities at DOE
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The Web site address for DOE Lessons Learned is:

http://www.tis.eh.doe.gov:80/others/11/11.html

The specific Web site address may be subject to change. This Web site can always
be accessed through the main ES&H TIS Web site at:

http://www.tis.eh.doe.gov
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Conclusions and Recommendations

5.1 Conclusions

The current philosophy of radiation
protection is based on the assumption that
any radiation dose,no matter how small,
may result in human health effects.
Radiogenic health events have been
observed in humans at doses in excess of
10 rem delivered at high dose rates. In the
past, DOE workers were at risk for high
occupational exposure to radiation. As the
data clearly indicate, most exposures in
recent years are less than 1 rem per year. It
is important to monitor the DOE workforce,
however, because there is less certainty
about the effects of low doses delivered at
low dose-rates over long time periods.

The detailed nature of the data available has
made it possible to investigate distribution
and trends in data and to identify and
correlate parameters having an effect on
occupational radiation exposure at DOE
sites. This also revealed the limitations of
available data,and identified additional data
needed to correlate more definitively trends
in occupational exposure to past and
present activities at DOE sites.

During the past 5 years, the occupational
radiation dose at DOE has been impacted
by three factors: changes in reporting
requirements,changes in operational status,
and changes in radiation protection
standards and practices. These factors and
their impact are discussed below in order
of their significance.

1. The change in methods to determine
internal dose from AEDE to CEDE
between 1992 and 1993 resulted in an
overall reduction of the annual collective
TEDE of approximately 700 person-rem
(about 30%) because of the exclusion of
the legacy internal dose. This represents
a significant dose that is no longer
accounted for in the collective dose
reported to DOE Headquarters. This
change in methodology resulted
in the largest impact on collective TEDE
in the past 5 years.
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2.

In 1995, the collective TEDE increased
by 12% due to increased activities at 5 of
the 6 highest dose sites. Most of these
activities involved nuclear material and
facility stabilization. Two of these sites
were laboratories (LANL and BNL) that
also experienced an increase in
collective TEDE due to increases in
operational activities (see Section 3.5).

The collective dose at DOE facilities
experienced a dramatic (78%) decrease
over the past decade (see Appendix B4
and B-21). The main reasons for this
large decrease were the shutdown of
facilities because of safety problems
within the weapons complex and the
end of the Cold War era, which shifted
the DOE mission from weapons produc-
tion to shutdown, stabilization, and
decommissioning and decontamination
activities. The DOE weapons production
sites have contributed the majority of the
collective dose over these years. As fa-
cilities are shut down and undergo tran-
sition from operation to stabilization or
decommissioning and decontamination,
there are significant changes in the
opportunities for individuals to be
exposed. More modest reductions in
collective dose have occurred during the
past 5 years at some facilities that have
continued to transition to

shutdown and stabilization.

. The implementation of the RadCon

Manual and 10 CFR 835 has resulted
in changes in radiation protection
practices. As described previously,
the RadCon Manual changed the
methodology concerning internal dose.
While it is not possible to quantify the
impact of the RadCon Manual on the
collective dose, it did establish ACLs,
standardized radiation protection
programs, engineering controls, and
formalized ALARA practices.

Conclusions and Recommendations
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5.2 Recommendations

L.

Because the change in operational
status has been shown to be a significant
factor impacting the occupational dose,
this information should be collected
from DOE facilities. A "phase of opera-
tion" status code should be added to

the occupational radiation reporting
requirements for individual dose records
(see Appendix A.4). In combination with
the facility type codes already reported,
this will provide an indication of the
operational mode and type of activities
being conducted at a given facility. This
will become increasingly important as
more facilities transition from stabiliza-
tion activities into decommissioning

and decontamination. The phase of
operation of the six highest-dose sites in
1995 is presented in Section 3.6. The
Office of Worker Protection Programs
and Hazards Management (EH-52)

plans to implement this recommenda-
tion in the next revision of the reporting
requirements of DOE Manual 231.1-1.

Analysis revealed that the sites are
inconsistent in the assignment of the
facility type codes and have difficulty
correlating the dose from specific
facilities at the site with the facility type
codes. A standardized approach to
facility categorization should be
established,in coordination with CAIRS,
ORPS, Epidemiological Surveillance, and
other EH database systems, to augment
the facility type information with the
phase of operation information (see
Appendix A.3). Standardization will

allow further analysis of how changes
in operational status impact the
occupational dose. This issue has been
submitted to the Office of Information
Management (OIM) for consideration.

. In addition to the standardization of

facility type codes, many sites do not
report the occupation codes for
monitored individuals or report them as
“miscellaneous” or “unknown”. This
results in a large number of individuals
grouped into the “unknown” labor
category. Sites have indicated that it is
often difficult to obtain the occupation
code for subcontract workers. The

sites need to improve their radiation
exposure recordkeeping processes and
procedures in order to obtain and report
this information to the REMS system as
specified in DOE Manual 231.1-1 in
order to improve the analysis of
radiation exposure by occupation.

As stated previously, the internal dose
from prior intakes (legacy dose) is a
significant contributor of dose to the
individual worker. It is recommended
that DOE establish a repository of intake
information to allow analysis of the
lifetime dose from prior (legacy) intakes.
This information will allow analysis of
the dose accrued each year for worker
health and epidemiologic research in
addition to the current requirements of
monitoring and reporting the committed
dose for regulatory enforcement
purposes.
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Glossary

ALARA

Acronym for “As Low As Reasonably Achievable which is the approach to radiation protec-
tion to manage and control exposures (both individual and collective) to the work force
and the general public to as low as is reasonable, taking into account social,technical,eco-
nomic, practical,and public policy considerations. ALARA is not a dose limit but a process
with the objective of attaining doses as far below the applicable limits as is reasonably
achievable.

Annual Effective Dose Equivalent (AEDE)

The summation for all tissues and organs of the products of the dose equivalent calculated
to be received by each tissue or organ during the specified year from all internal deposi-
tions multiplied by the appropriate weighting factor. Annual effective dose equivalent is
expressed in units of rem.

Average Measurable Dose

Dose obtained by dividing the collective dose by the number of individuals who received a
measurable dose. This is the average most commonly used in this and other reports when
examining trends and comparing doses received by workers because it reflects the exclu-
sion of those individuals receiving a less than measurable dose.

Collective Dose

The sum of the total annual effective dose equivalent or total effective dose equivalent
values for all individuals in a specified population. Collective dose is expressed in units of
person—rem.

Committed Dose Equivalent (CDE) (Hy,50)

The dose equivalent calculated to be received by a tissue or organ over a 50-year period
after the intake of a radionuclide into the body. It does not include contributions from
radiation sources external to the body. Committed dose equivalent is expressed in units
of rem.

Committed Effective Dose Equivalent (CEDE) (Hg,50)

The sum of the committed dose equivalents to various tissues in the body (H,,50), each
multiplied by the appropriate weighting factor (w,)—i.e.,H_,50 = ZWTHT,SO. Committed
effective dose equivalent is expressed in units of rem.

CR

CR is defined by the United Nations Scientific Committee on the Effects of Atomic Radia-
tion as the ratio of the annual collective dose delivered at individual doses exceeding 1.5
rem to the collective dose.

Deep Dose Equivalent (DDE)
The dose equivalent derived from external radiation at a depth of 1 cm in tissue.
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Effective Dose Equivalent (H)

The summation of the products of the dose equivalent received by specified tissues of the
body (H,) and the appropriate weighting factor (w..)—i.e.,H; = ZWTHT. It includes the dose
from radiation sources internal and/or external to the body The effective dose equivalent is
expressed in units of rem.

External Dose

Radiation dose resulting from the exposure to sources of radiation that are external to
the body. As used in this report, external dose is Deep Dose Equivalent (DDE) com-
prised of penetrating dose from photon and neutron radiation.

Internal Dose

Radiation dose resulting from radioactive material taken into the body through various
modes of intake,such as inhalation,ingestion, or absorption through the skin. As used in
this report, internal dose is calculated using the Annual Effective Dose (AEDE) or the
Committed Effective Dose Equivalent (CEDE) methodology as noted. See Section 2.4.

Lens of the Eye Dose Equivalent (LDE)

The dose exposure for the lens of the eye is taken as the external equivalent at a tissue
depth of 0.3 cm.

Lower Limit of Detection (LLD)

The smallest quantity of radioactive material or level of radiation that can be distin-
guished from background with a specified degree of confidence. Often used synony-
mously with minimum detection level (MDL) or minimum detectable activity (MDA).

Neutron Dose

The component of the Deep Dose Equivalent (DDE) resulting from exposure to neutron
radiation, which is comprised of the neutral charged particles ejected from the nucleus
of an atom during nuclear reactions.

Number of individuals with measurable exposure

The subset of all monitored individuals who receive a measurable exposure (greater
than limit of detection for the monitoring system). Many personnel are monitored as a
matter of prudence and may not receive a measurable exposure. For this reason,the
number of individuals with measurable exposure is presented in this report as a more
accurate indicator of the exposed workforce.

Occupational exposure

An individual’s exposure to ionizing radiation (external and internal) as a result of that
individual’s work assignment. Occupational exposure does not include planned special
exposures, exposure received as a medical patient,background radiation, or voluntary
participation in medical research programs.
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Photon Dose

The component of the Deep Dose Equivalent (DDE) from sources of gamma or x-ray
radiation that are external to the body.

Shallow Dose Equivalent (SDE)

The dose equivalent deriving from external radiation at a depth of 0.007 cm in tissue.

Total Effective Dose Equivalent (TEDE)

The sum of the effective dose equivalent for external exposures and the effective dose
equivalent for internal exposures. Deep dose equivalent to the whole body is typically used
as effective dose equivalent for external exposures. The internal dose component of TEDE
changed from the Annual Effective Dose Equivalent (AEDE) to the Committed Effective
Dose Equivalent (CEDE) in 1993.

Total monitored individuals

All individuals who are monitored and reported to the DOE Headquarters database
system. This includes DOE employees, contractors,and visitors.
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A.1 Labor Categories and Occupation Codes

The following is a list of the Occupation Codes that are reported with each individual’s
dose record to the DOE Radiation Exposure Monitoring System (REMS) system in
accordance with DOE Order 5484.1 [8]. Occupation Codes are grouped into Labor
Categories for the purposes of analysis and summary in this report.

Occupation
Labor Category | code (5484.1) Occupation Name

Agriculture 0562 Groundskeepers

0570 Forest Workers

0580 Misc. Agriculture
Construction 0610 Mechanics/Repairers

0641 Masons

0642 Carpenters

0643 Electricians

0644 Painters

0645 Pipe Fitter

0650 Miners/Drillers

0660 Misc. Repair/Construction
Laborers 0850 Handlers/Laborers/Helpers
Management 0110 Manager - Administrator

0400 Sales

0450 Admin. Support and Clerical
Misc. 0910 Military

0990 Miscellaneous
Production 0681 Machinists

0682 Sheet Metal Workers

0690 Operators, Plant/ System/Urtility

0710 Machine Setup/Operators

0771 Welders and Solderers

0780 Misc. Precision/Production
Scientists 0160 Engineer

0170 Scientist

0184 Health Physicist

0200 Misc. Professional

0260 Doctors and Nurses
Service 0512 Firefighters

0513 Security Guards

0521 Food Service Employees

0524 Janitors

0525 Misc. Service
Technicians 0350 Technicians

0360 Health Technicians

0370 Engineering Technicians

0380 Science Technicians

0383 Radiation Monitors/Techs.

0390 Misc. Technicians
Transport 0820 Truck Drivers

0821 Bus Drivers

0825 Pilots

0830 Equipment Operators

0840 Misc. Transport
Unknown 0001 Unknown
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A.2 Organizations Reporting to DOE REMS, 1991-1995

The following is a listing of all organizations reporting to the DOE REMS from 1991 to 1995.
The Operations Office and Site groupings used in this report are shown in addition to the

organization reporting code and name.

Operations/ Organization P

VTG Ops. and Other Facilities

Los Alamos National Lab. (LANL)

Pantex Plant (PP)

Sandia National Lab. (SNL)

Uranium Mill Tailings Remedial
Action (UMTRA) Project

Ops. and Other Facilities

Argonne Nat'l. Lab. - East (ANL-E)
Argonne Nat'l. Lab. - West (ANL-W)
Brookhaven Nat'l. Lab.(BNL)

Fermi Nat'l. Accelerator Lab.(FERMI)
DOE Headquarters

Idaho Site

1995 Report

0501001
0501006
0502009
0530001
0531002
0550001
0553002
0590001
0593004
2806003
0540001
0544003
0544809
0544904
0510001
0514004
0515002
0515006
0515009
0570001
0575003
0577004
0578003
0580001
0582004
0582005
0583004
1000503
1000903
1001501
1001606
1002001
1004031
1004503
1005003
1006003
1000703
1000713
1001003
1002503
1504001
1504506
3000209
3000504
3003003
3003402
3003502
3004001
3004004
3005004
3005505
3005506

Albuquerque Field Office
Albuquerque Office Subs.
Albuquerque Transportation Division
Kansas City Area Office

Allied-Signal, Inc.

Pinellas Area Office

Martin Marietta Specialty Components
WIPP Project Integration Office
Carlsbad Area Miscellaneous Contractors
National Renewable Energy Lab (NREL)
Los Alamos Area Office

Los Alamos National Laboratory
Protection Technologies Los Alamos
Johnson Controls, Inc.

Amarillo Area Office

Battelle - Pantex

Mason & Hanger - Amarillo

M&H - Amarillo - Subcontractors
M&H - Amarillo - Security Forces
Kirtland Area Office

Inhalation Toxicology Research

Ross Aviation, Inc.

Sandia National Laboratory

UMTRA Project Office

MK-Ferguson Subs - UMTRA
MK-Ferguson Co. - UMTRA
Jacobs-Weston Team

Ames Laboratory (lowa State)
Battelle Memorial Institute - Columbus
Chicago Field Office

Chicago Office Subs

Environmental Meas. Lab.

New Brunswick Laboratory

Mass. Inst. of Tech.

Princeton Plasma Physics Laboratory
National Renewable Energy Lab (NREL)
Argonne National Laboratory - East
Argonne National Laboratory - West
Brookhaven National Laboratory
Fermi Lab.

DOE Headquarters

DOE Office Subs

Protection Technology - INEL
Chem-Nuclear Geotech

EG&G Idaho, Inc.

Babcock & Wilcox Idaho, Inc.
Westinghouse Idaho Nuclear Co.
Idaho Field Office

Idaho Office Subs

Lockheed Idaho Tech. Co. - Services
MK-Ferguson Company - ID
MK-Ferguson Subcontractors - ID
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A.2 Organizations Reporting to DOE REMS, 1991-1995 (continued)

Operations/| Organization e g

Ohio

Fernald Field, 1993
Oak Ridge, 1992

Albuquerque, 1992
Albuquerque, 1993

Idaho, 1992-1993

Oak Ridge

Nevada Test Site (NTS)

Ops. and Other Facilities

Lawrence Berkeley Lab. (LBL)
Lawrence Livermore Nat'l. Lab.
(LLNL)

Stanford Linear Acc. Center (SLAC)
Ops. and Other Facilities

Fernald Environmental*

Mound Plant**

West Valley Project***

Ops. and Other Facilities

3502504
3502804
3502904
3503004
3503504
3504004
3504504
3505004
3505007
3506004
3506007
3506024
3507501
3507514
3507531
3507551
3508504
3508505
3508703
3509009
3509504
8001003
8006103
8006303
8007001
8003003
8004003
8004004
8004009
8004024
8005003
8008003
4500001
4510001
4521001
4521004
4523702
4523706
2503702
4003702
4516002
4516004
4516009
0520001
0526002
4539004
3009004
4001117
4004203
4004501
4004704
4005002
4009006
4009503

EG&G Kirtland

EG&G Special Technologies Laboratory
EG&G Washington D.C.

EG&G Las Vegas

EG&G Los Alamos

EG&G Amador Valley Operations
EG&G Santa Barbara

Fenix & Scisson, Inc. (old org. code)
Fenix & Scisson, Inc.

Raytheon Services - Nevada

Holmes & Narver, Inc., ESD

Raytheon Services Subcontractors
Nevada Field Office

Nevada Miscellaneous Contractors
Defense Nuclear Agency - Kirtland
Environmental Protection Agency (EPA)
Reynolds Elec. & Engr. Co. Services
Reynolds Elec. & Engr. Co. - NTS
Science Applications Internt’| Corp.
Wackenhut Services, Inc. - NV
Westinghouse Electric Corp. - NV
Rockwell International, Rocketdyne

U. of Cal./Davis, Radiobiology Lab.

U. of Cal./SF - Lab of Radiobiology
Oakland Field Office

Lawrence Berkeley Laboratory
Lawrence Livermore National Laboratory
LLNL Subcontractors

LLNL Security

LLNL Plant Services

Lawrence Livermore Nat'l Lab.
Stanford Linear Accelerator Center
Ohio Field Office

Miamisburg Area Office

Fernald Area Office

Fernald Office Service Subcontractors
Fernald Envir. Rest. Mgmt. Corp (FERMCO)
FERMCO Subcontractors

Fernald Envir. Rest. Mgmt. Corp (FERMCO)
Westinghouse Envir Mgmt. Co. of Ohio
EG&G Mound Applied Technologies
EG&G Mound Subcontractors

EG&G Mound Security Forces

Dayton Area Office

EG&G Mound Applied Technologies
West Valley Nuclear Services, Inc

West Valley Nuclear Services, Inc
Jacobs Environmental Restoration Team
Oak Ridge Inst. for Sci. & Educ.

Oak Ridge Field Office

Bechtel National, Inc. - (FUSRAP)

RMI Company

Morrison-Knudsen (WSSRAP)
Southeastern Univ Research Assoc.

* Fernald site reported under the Oak Ridge Ops. Office in 1992, the Fernald Field Office in 1993, and the Ohio Field Office in 1994.
**  Mound Site reported under Albuquerque Ops. Office in 1992 and 1993 and now reports under the Ohio Field Office.
*** West Valley Site reported under Idaho Ops. Office in 1992 and 1993 and now reports under the Ohio Field Office.
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A.2 Organizations Reporting to DOE REMS, 1991-1995 (continued)

Oper s/ Organization P

Oak Ridge

Rocky Flats

Oak Ridge Site

Paducah Gas. Diff. Plant (PGDP)
Portsmouth Gaseous Diff. Plant
(PORTS)

Rocky Flats Eng. Tech. Site
(RFETS)

Hanford Site

Savannah River Site (SRS)

4005105
4006002
4006503
4008002
4007002
4002502
4002504
4002506
7700001
7700006
7700007
7707002
7707004
7707005
7707006
7707009
7709009
7711004
7500503
7500705
7502504
7503005
7506001
7508805
7509004
7509104
8500204
8500505
8501002
8501004
8501014
8501024
8501034
8503001
8505001
8505501
8507004
8507504
8509003
8509509

Lockheed Martin/MK-Ferguson Co.
Lockheed Martin Energy Systems (K-25)
Lockheed Martin Energy Systems (ORNL)
Lockheed Martin Energy Systems (Y-12)
Martin Marietta (Paducah)

Martin Marietta (Portsmouth)

M.M. Portsmouth Subcontractors

M.M. Portsmouth Subcontractors
Rocky Flats Office

Rocky Flats Office Subs

Rocky Flats Office Subs

EG&G Rocky Flats

Rocky Mountain Management Group
J. A. Jones - Rocky Flats

EG&G Rocky Flats Subcontractors
EG&G Rocky Flats Security Forces
Wackenhut Services - Rocky Flats
Kaiser-Hill RFETS

Battelle Memorial Institute (PNL)
Bechtel Power Co.

Hanford Environmental Health Foundation
Kaiser Engineers Hanford

Richland Field Office

US Corps of Engineers - RL
Westinghouse Hanford Services
Westinghouse Hanford Service Subs
American Telephone & Telegraph
Bechtel Construction - SR
Westinghouse Savannah River Co.
Service America

Westinghouse S.R. Subcontractors
Diversco

Industrial Phases - SR

S.R. Army Corps of Engineers

S.R. Forest Station

Savannah River Field Office
Miscellaneous DOE Contractors
Southern Bell Tel. & Tel.

Univ. of Georgia Ecology Laboratories
Wackenhut Services, Inc. - SR

Not included in this report

Pittsburgh
Naval

Pittsburgh Naval Reactor Office

Reactor
Office

M LT ET ) Schenectady Naval Reactor Office
Naval

Reactor

Office

1995 Report

6007001
6007504
6008003
6009003
6009014
9004003
9004005
9005003
9005004
9007003
9007005
9009001

Pittsburgh N.R. Office

Westinghouse Plant Apparatus Division
Westinghouse Electric (BAPL)
Westinghouse Electric (NRF)

Newport News Reactor Services
LM-KAPL - Kesselring

Gen. Dynam. - Kesselring - Electric Boat
LM-KAPL - Knolls

LM-KAPL - Knolls Subs

LM-KAPL - Windsor

LM-KAPL - Windsor - Electric Boat
Schenectady N.R. Office
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A.3 Facility Type Codes Exhibit A-1.

Facility Type Codes.

The following is the list of facility type
codes reported to REMS in accordance "
with DOE Order 5484.1 [8]. A facility type  [albisiosibt b 132

code is reported with each individual’s Code Description

dose record indicating the facility type

where the majority of the individual’s 10 Accelerator

dose was accrued during the monitoring

year. 21 Fuel/Uranium Enrichment
22 Fuel Fabrication
23 Fuel Processing
40 Maintenance and Support

(Site Wide)

50 Reactor
61 Research, General
62 Research, Fusion
70 Waste Processing/Mgmt.
80 Weapons Fab. and Testing
99 Other

See complete Facility Type descriptions shown in
Appendix C.
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A.4 Phase of Operation

In addition to the Facility Type listing that
has been reported in the past,the DOE
Office of Environment Safety and Health
is interested in obtaining information on
the operational status of these facilities.
This information will be codified in terms
of a Phase of Operation to describe the
operating status of a facility The listing
that follows covers each of the phases of
operation from construction to the final
stage of surveillance and maintenance
once a site has undergone environmental
restoration.

The phase of operation will be recorded
for the calendar year for which the phase
of operation is most appropriate. For
facilities that transition between phases
during a year, the phase that is appropriate
for the majority of the calendar year
should be recorded. The Phase of
Operation will be recorded and submitted

1995 Report

along with the Facility Type as part of the
monitored individual’s dose record.
Reporting format and specifications will
be included in subsequent revisions to
DOE M231.1-1 [11].

Each DOE facility falls into one of the
Phase of Operations shown in Exhibit A-2.
In general, each phase follows in
sequential order, although a facility may
forgo one or more phases or may not
follow the order listed here.

This is the proposed table for the phases
of operation of DOE facilities. Please
submit comments, additions, or revisions
to this table,to EH-52 (see Appendix E for
address).
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Exhibit A-2.

Phase of Operation - Lifecycle for a DOE Facility.

nvironmental Restoration W

These phases comprise

o

Phase of

Operation

Construction
(includes Major
Renovation)

Operation/
Maintenance

Stabilization

Remediation

Decontamination
and
Decommissioning

Waste
Management

Surveillance and
Maintenance

Other

Definition

New facilities that are brought on line to replace
or augment existing facilities. This phase includes
major renovations for existing facilities but does
not include environmental restoration
construction.

Includes the operations and maintenance of the
reported Facility Type.

Facilities that have been declared to be surplus
(assigned to the environment restoration
program). This includes facilities where all
operations have been suspended but
environmental restoration activities have not
begun. This may include periods of surveillance
and maintenance prior to environmental
restoration activities.

Period during which corrective actions that are
necessary to bring the facility into regulatory
compliance are being performed.

Decontamination is the act of removing a
chemical, biological, or radiologic contaminant
from, or neutralizing its potential effect on, a
person, object or environment by washing,
chemical action, mechanical cleaning, or other
techniques. Decommissioning is the process of
closing and securing a facility.

This phase includes the management of wastes
generated during the environment restoration
process. (D,E)

This phase includes those activities that provide
for the safety and protection of a facility after
the environmental restoration phase.

All DOE facilities should fit into one of the above
categories. "Other” should be used only in highly
unusual circumstance.

DOE Occupational Radiation Exposure




Additional Data

B-la  Operations Office/Site Dose Data (1993) .....coeieriiiii e B-2
B-1b  Operations Office/Site Dose Data (1994) .......ccoieiiiiiiiei s B-3
B-1c  Operations Office/Site Dose Data (1995) ......cceveieriieiieiiececceeee e B-4
B2 Internal Dose by Operations/Site, 1993 - 1995 .........oiiiirieee s B-5
B-3 Neutron Dose by Site, 1993-1995 ......c.cvoiiiieiiieieeeeeeeee ettt B-6
B4 Distribution of Deep Dose Equivalent (DDE) and Total Effective Dose Equivalent

(TEDE), 1974-199 ..o B-7
B-5 Collective TEDE and Number with Measurable Dose 1974-1994 ..........cccccoviiiernnicennnne B-8
B-6 Number with Measurable Dose and Average Measurable Dose 1974-1994 ...........ccccccoovvvinnnnn. B9
B-7a  Distribution of TEDE by Facility Type - 1993 .......cocooiiieeeeeee e B-10
B-7b  Distribution of TEDE by Facility Type - 1994 ........cocoviiiiiieeeeeieeeeeeeee e B-11
B-7c  Distribution of TEDE by Facility TYPe - 1995 .......cccoeriiiiiiieierrceiee e B-12
B-8a  Collective TEDE by Facility Type, 1993 .......coiiiiiiierrcerces e B-13
B-8b  Collective TEDE by Facility TYPe, 1994 ........ccouoieiieeieieieeicieeeeeeee e B-14
B-8c  Collective TEDE by Facility TYPE, 1995 .......coiiiiieiriiieierieeieseeseeseets e s B-15
B-9 Distribution of TEDE by Facility Type Listed in Descending Order of

Average Measurable TEDE for Accelerator Facilities, 1995 ........cccccoeeiviiiieiiiiieeeeceeeiaas B-16
B-10  Distribution of TEDE by Facility Type Listed in Descending Order of Average

Measurable TEDE for Fuel Facilities, 1995 ........o oo B-17
B-11  Distribution of TEDE by Facility Type Listed in Descending Order of Average

Measurable TEDE for Maintenance and Support, 1995 ...........ccccooevieieieieeeieccccecee, B-19
B-12  Distribution of TEDE by Facility Type Listed in Descending Order of

Average Measurable TEDE for Other, 1995 ........cccocoiieioiiieieiieee e B-21
B-13  Distribution of TEDE by Facility Type Listed in Descending Order of Average

Measurable TEDE for Reactor FAcilities, 1995 ... .o B-24
B-14  Distribution of TEDE by Facility Type Listed in Descending Order of Average

Measurable TEDE for Research-General, 1995 .........ooooiioioiie e B-25
B-15  Distribution of TEDE by Facility Type Listed in Descending Order of Average

Measurable TEDE for Research-FUSION, 1995 ...t B-27
B-16  Distribution of TEDE by Facility Type Listed in Descending Order of Average

Measurable TEDE for Waste Processing/Management, 1995............coccoviinenrnenennnennns B-28
B-17  Distribution of TEDE by Facility Type Listed in Descending Order of Average

Measurable TEDE for Weapons Fabrication and Testing, 1995 ..........ccccocvviireniniicenceenns B-30
B-18 Internal Dose by Facility Type and Nuclide, 1993-1995 .........cccccooiireininiieeerceeeeeeeeas B-32
B-19a Distribution of TEDE by Labor Category, 1993 ..........ccoiviriiiiirieiiiieieieeeeieeceeeeeeeeieeeieiiines B-33
B-19b Distribution of TEDE by Labor Category; 1994 .........cooiierriiieereeeeseeeieseeee e B-34
B-19c Distribution of TEDE by Labor Category, 1995 ..........ccovrririeeee e B-35
B-20  Internal Dose by Labor Category 1993-1995 .........ccccooiiiiiiiieiiecieieeeeeeee e B-36
B-21  Internal Dose Distribution by Site and Nuclide, 1995 ...........cccoeviiiienieerncee e B-37
B-22  Correlation of Occupational Radiation Exposure with Nuclear Weapons Production ............. B-38

1995 Report Appendix B B-1




aunsodxsg uoypIpny [puoyPdNIIQ) FOJ

>

> >

> 4 > <«

%bZ-

%455~

%EY-

%91~

%82
%00 1-
%001~

%001

%S~
%00 1-

%9¢

%001
%S€-

%ZT A
%9 A
%Ll A
%01 A
%91 A
%0 A
%0 A
%0

%9 v
%0 A
%01 v
%0 v

%1

A
%E I- E A
v
A

%01
%Lt

%0 v

v[%olr| %or v

v

4 4 < «

>

%S L-

%9-

%cZ-

%85~

%l1-
%ZZ-
%61~

%8¢
%L1~
%1
%S

%L1~
%cZ-
%08

%89-

%Ly

1S0°0

£90°0

L¥0°0

0£0°0
920°0
920°0

0%0°0
8€0°0
6€0°0
0500

Z2L0°0
951°0
6%0°0
5600

€800

990°0

%0€1 E

%001 %Ll V¥ |%SLS | 9500
WLZl Wl V %EY £90°0
WEL  %IZ V¥ %6E  ¥800
%9 %l V¥ %Iy 8010
%Z %lE %0 €110
- %0 V¥ %0€ $£0°0
- %0 A %Yz SZ0°0
Wiy~ %6 v %8 8€0°0
%8l-  %ZE A %EZ €010
%LZ  %0S YV %L £v1°0
- %0 A %SE- L100
S Z S Y
o) 0, 0 ¢ 3
moﬂ. O %% n@lo. S
o 9o o i<
MU\ <D MU\ %0
< Boew ¢ 9z
2 [ORRNY >
%L ©oo “o 2
ORI ASS Q¥ o)
. ON'g >
© Q Q /&
o ) o
o d

A

<4 <

> > 4 <«

> «

< > 4 <> >

> > <>

aq

‘UWIN|0D Ydea Ul anjeA 1sa1ealb ayl a1edipul sanjeA paxog 210N
"0 PIRI4 OIYO 3y} Japun suodal MOU puB €661 PUB Z661 Ul 2210 'sdO oyep| 1apun papiodal aUS AS]1BA 1S9/ xxx

9210 PI314 OIYO 3Y3 Japun suodal MouU pue €661 PUB Z661 Ul 2210 'sdO anbianbngpy Jjapun pauodas a1S pPUNO 4«

661 Ul 3O PIRIH OIYO Y3 PUB ‘€66 | Ul 9O PIRI4 Pleuldd aul ‘2661 Ul 940 sdO 2b6piy 3eQ ays Japun payodal ayis pleusay

sjejor

J9AY

yeuuenes

pueludLy

syel4 Apoy

(oyep)
(anbisanbnq)y)
[preusad)

oo

abpry 3eo

puepieo

epeAsN

oyep|

OH 30d

obediyd

anbianbnq)y

231330 PI31d

/suonerado

%Sl- S60°SZT A %8Z- T'HH9’l
%0Z- Z0Z'S A %ST-  +vv9C (Sa1S) aus 4on1y yeuuenes
%t Y1'E A %6l- ST QS plojueH
%8z [509'S| A %0 [6'S9Z| (S1341) 3uS "Y23L “Bu3 siel4 Aoy
%Sl 6¥Z VvV %Z S/l «xx329[01d A3)1EA 359N,
%81 85S¢ A %8 99 xx1UB|d puno
%St 0z0°lL A %97 1°9Z «103l0ld Wb [LIUSWIUOIIAUT pleula
- = saniped Jsyio pue 'sdo
%6 z€8 VY %0S 9'€€ (SLYOd) 3ueld "H1a SNoaseD Yyinowspo
%01 1Ll A %6 S'9 ([daDd)ueld i snossen yesnped
WBlE-  6E6°L A %lZ 1'92 aus abpr| yeo
%LL-  1L1 A %L 98 sanided syl pue 'sdo
%61Z| S19 VY %S9l O0bb (DV1S) 491Ua) J01BI9I9IY Jeaur] pIojuels
%0Z- 61 A %8E  Z0€ [INTT) "geT 13eN 210w S2uBIMET]
%l LEL Y %9 89 (797) "qe1 Asj@diiag 2duaimeT
%0 z€ A %89 0€ sanie4 Jay1o pue ‘sdo
%9%-  0Z A %0Z L1 (SLN) Sus 1531 epeasN
%Ll SLLL VY %691  SSE€C aus oyep|
%Zl- 19 V| %L6Y | tE (gs4Na sepnpui) sisuenbpesH 30a
%05~  8€Z A %6Z- 091 (Iwy34) "qeq Jo1essP2dy | 1eN 1w
%Lz  ElL v %Z 6'65 (INg) "geT 13eN usaeyoolg
%9 €97 v %05 v'82 (MINV) 3590 - "qeq “13eN suuobiy
%bZ S8l VY %vZ 602 (3-INV) 35e3 - "qeq ‘L3eN suuobly
%01~ 1Z€ VY %L1 801 san|ne4 Y10 pue ‘sdo
%EZ  69E A %6 6 xxxx323001d (WVILAN)
uondy [e1paway sbuier A wniuein
%6E-  YIE A %YE 6L (INS) "qeq ‘13eN elpues
%91 SbP A %ll-  09% (dd) 1ueld xa1ued
%61~ 16E°L A %vl- 7661 (INV) "geT ‘11eN sowely so]
%/~ 8C A %ES- S0 sanie4 Y10 pue ‘sdo
O, o o, SR2
e 22 e e aus
¢S Z 0 5 e
[N . [N QO b
@) < SR} @) < 2.
AT EACTIE A
S S
© 7 © )
(> >

(£661) ereq asoq 9315/231440 suonelsado :ey-g



&q g xipuaddy

v %Pt %E&T

V | %SPtZ | %l A
Vv %0¢ %l v
A %EL %€ v
V %8¢ %02 v
V %001 %9 v
- %0 v
- %0
A %lE %t A
- %0 v
A %8Z %L v
- %0 A
A %8Z %0 L v
A %61- %Ly A
A %0l- %06 v
A %001- %0 A
- %0 v
A %8 %t A
A %001- %0 v
A %001- %0 A
VvV %lY %62 v
A %Y %11 A
v s [wer] v
V %001 %9 v
- %0 v
V %Z81 %t v
A %YS %G L A
A %Zl- %ttt A
- %0 A
=
OPNOEAS
“@Ol .0~
(AN o)
O DO
> < B e
.o L0 o0
0T T
= 0, Y
9 R
g (]
°d

%t~ $90°0 v %9

06E°SZ

%Zl- 0S00 VW %6E E
%1 8900 V¥ %l 991°¢
%YE €900 A %SE-  099°E
%61 €800 W WLl 262
%81 000 W %9l 662
%Z 9200 A %6~  SZ6
£20°0 z
%01- 9€00 V¥ %0 9¢8
%61 SO0 A %Zl- 1Sl
%6 €00 A %Ll- €19l
%Ly~ L2000 W %6t SSC
%t vL00 A %v9-  61Z
%LL- 6210 A %SZ- 9l
%bZ 7900 A WEE- 26
%95~  Zh0'0 A %8E-  0Z
%0Z 6600 A %0 0z
%6Z- €410 W %ly  659°L
%bl  $900 A %0E- £t
[%09- | £z00 ¥ [wlzl|9zs
%LZ L0100 W %lZ S98
%6Z-  LL00 W %0E  EVE
%Lz |b¥L'0] VW %lS 087
%9 9600 A %lZ- E£€T
%95 6500 W %9 06€
%9Z 8400 A %0Z- 0SZ
%61-  $800 A %ZZ-  LbE
%9%- 800 W %9L 8hv'T
%E- 9100 A %L 92
o, NS ) (W)
TE Q. TE Y
(3 . e, Z 0O
[N 2% 2N N
O 2 O Y}
< Q = o< o R
e Z e
QT s T B2
k) Z 0 7
(o [o2d

v

v

A

> > <> >

> > > >

<

v

> 4> <>

<

1oday G661

‘UWIN[OD YoBa Ul aNjeA 1591816 ay1 91ed1pul sanjeA paxoyg 910N

%1 L'EY9°L sjejor
FEVN

%zZ E (S¥S) 23S JaAL yeuueAes yeuueaes

%z 8v1z aS piojueH pueydR|

%E L- 61€Z (s13431) @us "y2aL bu3 sield Aoy s1eld Apoy

%6E €2 193[01d A3j1eA 1Sa/M

%LE 16 Jueld punow

%/~ v 123014 Wb [PIUSWIUOIIAUT pleuaq

00 pe4 .2yio pue 'sdo oo

%01-  €0€ (S10d) 3ueld “Hi1a SNoaseD yinowsuod

%S 89 ([daod)iueld i@ snossen yesnped

%6~ 269 s abpry yeo

%0Z- 89 de4 .2yio pue 'sdo ElelaNpEle}

%€9- €91 (DV1S) 421UaD) J01EI319IDY Jeaul] piojuels

%8~ 88l (ANT1) "geT "13eN 210wWIRAIT dUIMET]

%L1~ LS (1) “qe Asjesuag ssusime

%ZL- 80 De4 J1ayio pue sdo puepieo

%07 0z (SIN) 23S 3531 epersN epeAsN
%1 8'9¢€C 31IS oyep| oyep|
%0Z- LT (as4Na sepnipul) siouenbpesH 304 OH 30a
%ll- €%l (IWy34) "geT J03ei3(22dY °| 1N 1w
%bS €26 (INg) "geT 1aeN uaseyooig
%L- €92 (M-TNW) 3591 - "qeT .3eN suuobiy
[%g6 | €ov (3INW) 353 - "GeT 138N duuobiy
%ET- €8 De4 J1ayio pue 'sdo obediyd
%E9 0§l 13foid (ValLnn)

uondy [eipaway sbuliier iy winiuein
%1 0Z1L (INS) "geT 13eN elpues
%LE- 1'6Z (dd) 1ueld xa1ued
%G" 0061 (INV1) "qeT “13eN sowely soT
%0 1- 0 sanipe Jaylo pue 'sdo  anbianbngy
() N2

o)

o Q% aus 23130 PIaId
[ A Yo & /suoneiado
e 2R

A 2%
e %%
) O
o 9

(¥661) ereq asoq 931s/231440 suonesado :qi-g



aunsodxsg uoypIpny [puoyPdNIIQ) FOJ

VY %0E %OE V %0Z 800 A
A %0 %EL ¥ %S €500 A
v %29  %vE ¥ %lL 9110 A
v[%zsz| wil v %1z 900 A
A %8BT %vl ¥V %b /800 W
v %St %6 ¥ %lZ 9800 A
- %0 ¥ %EZ €00 W
- %0 A %0l L000 W
v %v  %b A %ES LI00 ¥
- % A %ll- 0b00 VW
v %SEl %9l %0 €400 W
- %0 ¥ %LE LE0O A
A %z %0l ¥V %91 9800 VW
A %l %bl A %LE 2800 W
v %68 %Ll A %S 6500 A
- %0 ¥ %ES  $90°0
- %0 A %8 1S00 A
v %6t | %z9| v wze [681°0] A
. %0 A %8 Z100 A
- % ¥ %S 8200 A
¥ %Sl %EE ¥ %0y 0SI0 ¥
A %S %0l ¥V %9 ZII0O A
A %YZ  %9E A %EL- SZIO W
A %001~ %0 ¥V %SE 8,00 A
- %0 A %Er 2200 A
A %001~ %0 A %EE ZE0O VW
v %Z9  %vZ ¥ %EE  ZII0 A
v %0l %6t ¥ %Ll 1600 W
- %0  Vv[%0sL]0t00 W
2
Bah ot e %
< G (N <. G S~
o o 2o T2 G
2% ) [N b
SRRICN N O R
o) @ S B > &\ Q =
% 90 %S Z
NN Wy
S e “
o

%L~ EL9°ET
%EZ- | 9¥8°P
%1Z- 00S°T
%9- LTY'E
%L 1€
%lt- S/
%E 556
%0S1L | S
%r6  €29°1
%oy  SZZ
%Zl  +08’l
%SE- L9
%8 9z
%6 651
%L1- 9L
%0 0z
%SS- 6
%01-  105°L
%18- 8
%01~ (VA4
wZl €46
%Z- seg
%9 162
%Zt-  SEL
%S8- 85
WLE  EVE
%S- Y43
%9 £85°C
%S Ot
) [S)
S x [
2 O
%% %o
(@) < RSV
EACHICIS
¥® 52
kS 7
o

> 4 <) 4 )

4> > «

< >

> > > 4 () >

4 4 <>

‘UWIN|Od Yoea ul anjeA 1sa1ealb ayl a1ed1pul sanjeA paxog 210N

sjeloL

JAY
yeuuenes

pueysy

s1e|4 Aoy

oo

abprl eo

puepeo

epenaN

oyep|

OH 30d

obediyd

anbianbnq)y

221330 PIaId

/suonesado

%ZL zov8‘L
%6 1- §'GSC (SaS) 22 J9AlY yeuueaes
%SE E a1s piojueH
%Z1 8097 (s1342) aus "ydaL “bu3z sielq Aoy
%11 692 103[04d A3]1eA IS9/M
%0€- v'9 eld punoin
%92 £ 0€ 103014 IWDBW [LIUSWIUOIIAUT plEUI
%0 00 sanipe 12y10 pue 'sdo
%6" 517 (S1Od) 3ueld “HIa SNo3seD yinowssHod
%EE 06 (daod) ueld B snossen yeonped
%Ll 69, 1S abpry Jeo
%6~ 9 sapipe 12Yy10 pue 'sdo
%tbZ z0z (DV1S) 423U8D J01RIB[2IDY JEdUI PIojuElS
%1€ o€l (INTT) "7 “1IEN SI0WISAI SdUIMET
%Lz St (1g7) "qeq Asjesueg adusimen
%09 €1 sapideS 1Y10 pue 'sdo
%LL- S0 (SILN) 23S 1531 epensN
%02 08¢ 1S oyep|
%96~ 10 (gs4Na sapnjoul) siauenbpesH 3040
%9- bEL (Inw134) qeT J03es9j92dY “|1eN 1w
%8S 8'Gtl (INg) "qeq “13eN usaeyyoolg
%EY 9'LE (M-INW) 359 - "qeT “L.3eN suuobuy
%8- zL€ (37INV) 3583 - "qeT 13eN suuobay
%LlZ- S'9 saniped Joyio pue 'sdo
%16- €1 1»3loud (WllaN)
uondy [eipaway sbuliel N wniuein
%8- [ (INS) qeT ‘13eN eipues
%LZ 6'9€ (dd) ueld xa1ued
%vZ 6'vET [INV1) "qeT “1.3eN sowely so
%O00€ | 91 sanipe4 Jayio pue 'sdo
o, N2
o))
Ay @A\\@ aus
<o e %
57, 9%
2 < DL
% Q. Q
Ry = P 7
k) O.
o 9

(S661) ereq asoq 9315/a3140 suonerddo :L-g

rd



£10°0
010°0
§S50°0
€200
S10°0
900°0
800°0
€000
610°0
»2L0°0
200°0
L¥0°0
§S20°0
2500

7100
010°0

200°0
600°0
€100

(wai-uosiad)

€20°0
800°0
621°0
2zio b
¥00°0
800°0
1200
€00°0
800°0
€80°0
100°0
Z280°0
£10°0
010

820°0
600°0
9100
2000
pLYLO
€00°0

(wau)
3a3d abeiany

LEO'O
900°0
20t°0
969°0
€00°0

¥20°0
¥00°0
£00°0
2010
¥20°0
8%0°0
¥€0°0
090°0
901°0
£20°0
01070
810°0
¥00°0
65€°0
0100

Y9L°0€
68¢°9
6020
L9€°0
1yl
¥89°0
6%0°0
8%0°0

> ¥06°C1
L2 e
900°0
LECO
86¢€°0
LSIE

16€°0
8L1°0

101°0
v9C'1
¥12°0

(4114 €16°601
9¢L'Y 5829
€95°1 SZ8'Y
916°¢ 700791
¥SZ°0 S82°0
192°0 -
L18'S 8/59°9
980°0 691°0
LZEY 1889
S 7A 8€C'9
¥00°0 2070
LZE0 061°0
€EL0 LECO
060°9 0S0°€
- 901°0
80L°1 L¥S°0
LLY0 L9€°0
261°0 592°0
SLL0 652°0
p 018°SL ) 6E0°LS
S10°0 £60°0

aeydn wouy asoq
3d3aD 9A129]]0D

S661 - €661 ‘aus/suonesado Aq esoq [eussyul :z-g

1S8°L

€ES

€l

91

8.

801

9

Ll
> €49

17

€

S

91

19

8¢
0s

8t
PEl

"UWIN[OD YB3 Ul anjeA 1s31ealb ayl 21ed1pul SaNjeA paMo.ly S10N
"92U0 UBY] aJow paiunod aq Aew sjenpiaipu] JeaAk buuoliuow ay1 bunnp palini0 1eyl sayeiul sspnpul AluQ «
‘13l01d ASjeA 159/ “SAO OIHO “DVIS ““sdO puepleO ‘SIN ‘OH-30Q ‘qeT Iwuad A\-TNY SdO 0bediyd VLINN :S9eIul Mau ouU LM Sa1Ij1De

6161

> €19 > LSL'L
Zl 4]
144 Y4
0L 6
43 -
08¢ 0LZ
Lz LY
11S 449
4 19
% l
% %
8 L
0§ 1S
- l
19 0¢
4] 9¢
4 Sl
0§ 69
Zll 651

6L6°C

«SEIU] MON YUM

s|enpiAIpu] Jo ‘oN

IS JIAR] YeUURALS
31IS pJojueH

s1e4 Aoy

Jueld pUNoi

pleusa

YInowsno

yeanped

aus abpry 3eo

sanipe4 JBylo pue 'sdo
INTI

g1

91IS oyep|

INd

MINY

JINV

saieq oY1 pue 'sdo
elpues

xajued

NV

sanine4 pue ‘sdo

s|ejoL

JaAR] yeuuenes
puejyr

s1e4 Aoy

oo

abpry 3eo

puepeo
oyep|

obeaiyd

anbianbnqy

921340 PIdd
/suonesddo

5s |

Appendix B

1995 Report




aunsodxsg uoypIpny [puoyPdNIIQ) FOJ 9g

‘UWIN|OD Ydea Ul anjeA 1sa1eaib ay3 91ed1pul sanjeA paxoyg 910N

"221O PIB!4 OIYQO 33 Japun suodal MoU pue €661 Ul 220 sdO oyep| 1opun panodal a1 ASJIEA ISOM x x x
2010 PIRI4 OIYQO 3y Japun suodal MoU pue €66 | Ul 9210 sdO anbianbnqgjy Japun pauodal a1IS pUNO 4
$661 Ul 920 P34 OIYO 343 PUB ‘£66 | Ul 90O PISI4 Pleusad auy1 Japun pauiodal a)Is pleussay

%00 L v L9E 6°CEE 9°LEE sjejolL
%Z1 6t LY/ 99/ (S¥S) 21S J9AIY YeuuLABRS  JSAIY YeuueAes
%L1 6'8€ 97 0'¢h (S1343) aus "yoal "bu3z s1e4 Apoy s1e[4 00y
%L q'9C 8'61 619 91IS plojueH puejyony|
%0 00 - - v x x/f3IBA 159/
% 1€ 'S 43 +xJUB| pUunojpy
%0 - - = «123[0ig
Wawabeue|y [LIUSWUOIIAUT pleuS
%0 - 00 - sanine J1sy1o pue 'sdo olIyo
%0 = - - (s10d)
We|d "HIg SNoaser) YINowisLIO
%0 = 00 = (daod) ueld 1@ snoasen yeonped
%€ S0l L1l 66 as abp1y Lo
%0 - L0 - sanijpe Jayio pue 'sdo abpry 2O
%1 LY YA vL (ov1s)
121U 101LJI3[320Y Jeaur] piojuels
%1 ZS S'e 6'S (INTT) "qe7 “1.1EeN SJOWLDAIT 9oUdIMET]
%0 1°0 €0 0l (1g7) qe1 As|axiag asuaime
%0 - - - sanj[pe4 JByYy1o pue sdo puepieo
%0 zZ0 S0 10 (SLN) 2us 1591 epeasN epensN
%0 €'l 0'¢ 60 91IS oyep| oyepj|
%0 10 61 x4 siauenbpesH 300 OH 30d
%0 - - €8 (In¥34) qeT Jo1es)eddy | 1eN Iwiad
%11 (47 ! 6'€ (INg)-qe7 ‘11BN usAeydoolg
%0 €0 €0 YA (M-INV) 3594\ - "qe | 3eN suuobiy
%1 9t 0¢ (087 (3-INV) 3se3 - "qe |.1eN auuobay
%0 - - 00 sanipe Jayio pue 'sdo obeoiyd
%0 - - - 13foid (VLN
uondy [eipawy sbuipiel A wniuein
%0 ¥0 ¥0 S0 (INS) "qeT [euoneN eipues
%E 20l 99 0€l (dd) weld xa1ued
> %LY PL'VLL > GZEL > 8°66 (INV1) "qe jeuoneN sowely/ so
%0 60 10 20 sanipeq Jay1o pue 'sdo anbianbnq|y
. 7z .
v . 2wk iR W%
% N cC ¢ cC cC ¢ Anded/aus 1} O PISd
590 © B % © B % o B % /suonesado
A ERA ERAC %29
9% SN SN %N
% © N4 N N
o O] ®) 0]

S661-£66L 'd1S Aq asoq uonneN :€-g



"UwWIN|od YB3 Ul anjeA 3s33ealb ay3 1edipul sanjeA PamoLly 310N 3d35+3Ad=303L ¥661-€661 303v+3ad=3a3L 2661-0661 «

8£0°0 0t8°l €19'€C  »9LZ'LZI l LS SSh'ET £99°€01 5661
5900 €491 06€'SC 11911 l 6. 01€'sz 1zZ1°16 7661
990°0 79l 560°SC 012! l l l l L8 200°S L16°101 €661
800 S62°C r1t'6C LLL°ETl l l l l 9 6 44 el 0¥Z'62 L6T'H6 2661
Z80°0 ¥.5°C 9zE'IE 0LL611 14 l 14 8 6 T4 €61 980°L€ vb'88 1661
» S80°0 »ZSO'E )H»PLO9E 590801 l l 14 l 8 8 LYy 9¢¢ 082's€ 166°1L 0661

(was-uosiad) | 3@3L "seay | pasoyuow 1-"Seapy *Seay
*sealy "By |3@3L "110D jejor ueyj ssa

«(3a@31) 3ueainbz asoq aAd3433 [eloL

080°0 608°l €8Y°'7C »9LZ'LZI €Sl 0€€'22 €6L'101 5661
990°0 009°1 99Z'+C 115911 LL 6811 SvZ't6 ¥661
990°0 vES'I LEL'ET 0'L2] l 98 0S0°€Z S06°€01 €661
190°0 705°1 118%Z VA4l 47 69L'% 00686 2661
5900 9L vvZ'LT 0LL'611 S6 6t1'LZ 92526 1661
1£0°0 0€2'C L9T'1€ 590801 Ll 0l 0ll'LE 8619L 0661
L01°0 1S1°E vLE'6T LEL'S8 1z 8¢y S26'8 €9€95 6861
€elo SEL'E 820'8¢ ZEL'9L 143 20S 2641 ¥0L'8Y 8861
861°0 9509 ¥25°0€ S9L'SL 9¢ €8¢ 01Z'l  S66'8C 1¥2°St £861
6220 S60'8 LEE'SE €26'88 l l l 13 43 6LT'1  1L9°€E 985°€S 9861
1ECO 0Y€’8 560°9€ L19°06 l 8 19 95€ 29€°'l  LIE'YE 785'YS 5861
10Z°0 €l's 86€°0Y ¥5t'98 Ll 3 433 €771 178'8¢ 950°9% 7861
¥ZZ0 0zZL'L by Ve 184°28 1€ 6¥ ¥6Z SZTl W8'CE 0vE'8y €861
€EC0 8€9'L SLE'CE S6L°6L 8¢ 99 1353 066 886'0€ 0Zy'Ly 2861
602°0 €7T'L S1S'YE 062'8L S 6¢ €9¢ L96 1GZ'EE SLL'EY 1861
0lz0 09L°L 106°9€ 79508 91 L8€ €Ll S98E'SE €99°¢t 0861
€L1°0 1698 962°05 G78'86 4 l 0l 133 91y 1871  €99°8Y 625'8Y 6L61
9/L1°0 06£6  »8ST'ES S1596 Il €9 6EY LIE'L  tbb'IS LIEEY 8L61
L1Z0 66101 006'9% ZLv'88 14 14 l 174 €01 0vS 66%°'l  0EL'tY ZLS' 1Y LL61
L0Z°0 8€6'8 180°€Y 68418 l 9 (074 L8€ 96Z°'1  1ZE'lY 80%'8€ 9L61
9€C0 20Z'6 ¥26'8€ 71£08 l 8¢ 4 175 LEV'l  S6L'9€ 06€'lY SL61
»8LE0 ) ZOZ'OL Il1'ZE 1£1°69 14 (0)% 4] 259 LES'L  SEL'6T 090°LE ¥L61

3da |(was-uosiad) | 3aq 'seaw paiojyiuop L-"'Seapy ded]
seay "bay |3aa °110d yim "oN 1ejor

(way) abuey asoq yae3 ul sasoq uoneipey BuiAIISY S|enpIAIpU] JO JaqWINN

(3aa) uajeainbz asoqg daaqg

S66L-vL6L ‘(3@31) JusjeAlnb3 8soq 9A/1d9y4 [e)oL pue (3aQ) JusjeAlnb3 esoq deaq jo uonnquysia p-g

7

B

Appendix B

1995 Report




84 |

aunsodxs uoypIpny [puoyPdNII) FOJ

Collective Dose* (person-rem)

12,000

10,000

8,000

6,000

4,000

2,000

B-5:

7 7 7 7 7
..OVQ ..OVQ, bVQ bVV ..OV%

Collective TEDE and Average Measurable Dose 1974-1995
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B-6: Number with Measurable Dose and Average Measurable Dose 1974-1995
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B-22: Correlation of Occupational Radiation Exposure with Nuclear Weapons Production

Gaseous
Diffusion

Collective DDE (person-rem)

N-Reactor
Shut down
(RL) 1987

C-Reactor
Shut Down
(SRS) 1987

PUREX &
UQO3 Plants
Shut Down
(RL) 1987

K-, L-, & P-
Reactors

Shut Down
(SRS) 1988

Bulk
Shielding
Reactor
Shut Down

DOE changes from
Statistical Summary
Reporting to Individual
Dose Records for Each

07\ I 7

1985 1986

Chernobyl Nuclear
Reactor Meltdown
Occurred. 4/86
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1987 1988

Plutonium

Fabrication
Plant (PFP)
Shut Down

High Pressure
Tritium Facility
Shut Down
(LANL) 1990

1989| 1990

Idaho Chem.
Processing

Plant

(ICPP)

Work Scope
Reduced

Saltstone
Waste
Processing

(INEL) 1992

Tower

Shielding
Reactor Shut

199 19

// |
Implementation
of RadCon Manual.

D2 1993 1994 1995

Intermediate-Range
Nuclear Forces Treaty
Signed. 12/87

Office of Environmental
Restoration and Waste
Management Established.

1/89

DOE Reports No DOE
Reactor is Producing Tritium
for Nuclear Weapons.

Strategic Arms Reduction
Treaty Signed.
7/91

DOE Sec. Testifies that
the U.S. is Not Building
Any Nuclear Weapons.

5/92
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B-22: Correlation of Occupational Radiation Exposure with Nuclear Weapons Production
(Continued)

Total Collective DDE (person-rem)

Facility
I E T A A

8 Fuel Processing 156 141 218

c ﬁ Maintenance & Support 0 16 10 8 6 5 2 2 2 8 9
Ry Other 12 214 11 9 28 150 61 14 117 91 148
-8 Reactor 166 144 79 44 40 31 33 28 43 51 19
i Research, General 0 4 2 27 19 12 4 8 7
2 '? Waste Processing/Mgmt. 0 4 5 4 5 3 1 1 2 5 7
=¥ INEL TOTAL (347 537 248 238 315 347 162 ( 87) 236 237) 284
Accelerator 0 0 0 48 72 45 23 18 21 22 24
Maintenance & Support 0 0 2 92 32 16 15 22 24 40 68
W Other 31 22 1 46 19 12 9 2 2 5 9
Bl Reactor 0 0 0 2 1 0 0 0 0 0 0
f,—g g Reseach, Fusion 0 0 0 1 (0] 0 0 1 0 (0] 1
Skl Research, General 745 548 376 199 201 146 113 89 93 108 129
rd  \aste Processing/Mgmt. 0 0 0 0 0 5 1 0 1 1 3
Weapons Fab. & Testing 0 0 0 3 0 0 0 @ O, 0
LANL TOTAL (776 570 379 391 325 224 162 (132) 142 176) 234
Fuel Processing 0 (0] 9 3 3 0 1 0 (0] 0 0
Y Fuel/Uranium Enrichment 3 2 5 5 1 1 0 1 2 1 1
¥9  Other 2 0 0 1 0 0 )ﬂb 0 0 9 8 16
Il Research, General 116 137 (149 77 43 30 42 ;@ 42 45 45 41
o Weapons Fab. & Testing 50 (181 103 75 71 31 17) 29 ;@ 15 12 7
Oak Ridge Site TOTAL 171 (320 265 162 118 62 (59) (1) 71 66 ) 64
el Weapons Fab. & Testing 1,370 1,245 880 654 412 145@ 313 @ 297 250 229 @ 260
skl Rocky Flats TOTAL 1,370 (1,245 880 654 412 (145) 313 ) (297 250 229) 260

Fuel Fabrication 62 94 14 3 1 o 1 1 1 0 0
Fuel Processing 0 0 14 22 11 8 10 5 5 7
= Maintenance & Support 0 0 1,098 172 152 118 103 86 72 77 97
B Other 1,105 887 , 16 9 10 13 17 19 32
2 Reactor 1,183 964 163 51 19 20 14 13 17
= Research, General 183 307 103 56 85 55 42 46 47 44 55
Waste Processing/Mgmt. 0 0 367 239 ,9 131 86 69 64 52 56 81
Hanford Site TOTAL 2,533 2,251 (2,402 652) 619 330 252 (239 207 213 290
Fuel Fabrication 70 89 57 49 31 233 0 0 15 19 9
g Fuel Processing 405 423 267 215 209 126 117 1 90 87 60
f Maintenance & Support 0 0 368@ 376 379 372 159 265 12 16 15
I Other 716 @ 52 45 48 73 27 3 3 4
8  Reactor 144 55 37 29 17 15 12 14 12
E Research, General 41 57 30 25 24 17 8 9 12 13 15
é Waste Processing/Mgmt. 0 112 105 76 51 35 0 46 61 59
3 Weapons Fab & Testing 18 l 1 IO 3 6 3 0 69 97 77
SRS TOTAL 1,394 804 683 412 (317 258 310) 250

TOTAL FOR SIX SITES 6,592 6,422 5,119 2,983 2,593 1,791 1,360 1,144 1,163 1 231@ 1,382
DOE OVERALL TOTAL* 8,340 8,095 6,056 3,735 3,151 2,230 1,762 (1,504 1,534 1, 600 1,809
Percentages of Sites

to DOE Overall 79% 79% 85% 80% 82% 80% 77% 76% 76% 77% 76%

4
8
=

* Does not include Schenectady Naval Reactor Office or Pittsburgh Naval Reactor Office.
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B-22: Correlation of Occupational Radiation Exposure with Nuclear Weapons Production
(Continued)

The N-Reactor closed at the Hanford Site in January 1987,
followed by the shutdown of both the PUREX and UO3 plants
in 1988, and the shutdown of the PFP in 1989.

DOE reported in mid-1988 that no DOE reactor was produc-
ing tritium for nuclear weapons. The C-Reactor at the SRS
was shut down in 1987. The L-Reactor at SRS was restarted
in 1985 and shutdown again in 1988. The P-Reactor and the
K-Reactor at SRS were shut down in 1988 and never restarted
except for a brief K-Reactor test run in 1992. The produc-
tion of nuclear weapons materials at SRS ended in 1992.

Rocky Flats PFP operations were curtailed in 1989 and many
other functions suspended in the subsequent years with a
total halt in plutonium operations in 1991. The plant began
preparations to resume activities in 1991, but a change in
mission to shut down, decontaminate, and decommission
occurred in 1993.

The Office of Environmental Restoration and Waste Man-
agement (EM) was established in November 1989. The K-25
Plant at Oak Ridge was shut down in 1985 and became an
EM site in 1992. The bulk shielding and tower shielding re-
actors at ORNL were shut down in 1988 and 1992, respec-
tively The mission of the Y12 Plant has been changed to
the dissassembly of nuclear weapons.

The Secretary of Energy testified before Congress in May
1992 that the United States was not building any nuclear
weapons for the first time since 1945. The high pressure
tritium facility at LANL was shut down in 1990 and the work
scope at the I[daho Chemical Processing Plant (ICPP) (INEL)
was reduced in 1992.

A large decrease in the collective dose at the Hanford Site for the
“Reactor” (D and “Other’ (@ facility types occurs between 1987
and 1988. The overall decrease in collective dose at the Hanford
Site from 1987 to 1988 is dramatic(3).

Collective dose for the “Reactor’() and “Other” (5) facility types
at the SRS decreased between 1986 and 1987. The overall de-
crease for the SRS indicates that there is a slowdown in activity
at the SRS (6).

The collective dose at the Rocky Flats Site decreased by 88% from
1986 to 1990 (D). It increased in 1991 (8) as a result of the aborted
resumption effort,and has slowly decreased between 1991 and
1994.

The collective dose at the Oak Ridge Site decreased from 1986 to
1991 (9 and increased slightly in 1992 (9 . In general, the K-25
Plant is reported as a “Fuel/Uranium Enrichment” facility type,
ORNL is reported as a “Research, General” facility type, and the
Y-12 Plant is reported as a “Weapons, Fab & Testing” facility type.
The shutdown of the K-25 Plant occurred before 1985. The shut-
down of the experimental reactors at ORNL correlates with a
collective dose decrease in the “Research, General” facility type
from 1987 to 1990 @ . The Y-12 Plant,“Weapon, Fab & Testing”
facility type collective dose decreased between 1986 and 1991
@. This correlates with the end of weapons assembly.

The basic mission at the LANL has not changed and INEL has
many missions with the US Navy. The collective dose shown for
these sites shows gradual decrease. LANL collective dose de-
creases 82% from 1985 to 1992 @3 . INEL shows a decrease of
more than 79% during this period but this decrease is not consis-
tent from year to year .

During the reporting period 1992-1994, the DOE overall collective DDE increased by 5% @) . The collective DDE at the Hanford,
Rocky Flats,and Oak Ridge Sites decreased and the collective DDE at the SRS has remained about constant @ . The collective
dose increased at INEL and LANL as a result of increased activities at the ICPP and increased throughput for satellite heat

sources at the LANL plutonium facilities.

As can be seen from this analysis, changes in mission and operational status can have a large impact on the occupational

dose at DOE.
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Facility Type Code Descriptions

DOE Order 5484.1 [9] requires contractors
to indicate for each reported individual the
facility contributing the predominant
portion of that individual’s effective dose
equivalent. In cases when this cannot be
distinguished, the facility type indicated
should represent the facility type wherein
the greatest portion of work service was
performed.

The facility type indicated must be one

of 11 general facility categories shown in
Exhibit C-1. Because it is not always a
straightforward procedure to determine the
appropriate facility type for each individual,
the assignment of an individual to a
particular facility type is a policy decision
of each contractor.

The facility descriptions that follow
indicate the types of facilities included in
each category. Also included are the types
of work performed at the facilities and the
sources of the majority of the radiation
exposures.

Accelerator

The DOE administers approximately a
dozen laboratories that perform significant
accelerator-based research. The
accelerators range in size from small single-
room electrostatic devices to a 4-mile
circumference synchrotron, and their
energies range from keV to TeV.

The differences in accelerator types, sizes,
and energies result in differences in the
radiation types and dose rates associated
with the accelerator facilities. In general,
radiation doses to employees at the
facilities are attributable to neutrons and X-
rays,as well as muons at some larger
facilities. Dose rates inside the primary
shielding can range up to 0.2 rem/h as a
result of X-ray production near some
machine components. Outside the
shielding, however, X-ray exposure rates are

1995 Report

very low;and neutron dose rates are
generally less than 0.005 rem/h. Average
annual doses at these facilities are slightly
higher than the overall average for DOE;
however, the collective dose is lower than
the collective dose for most other DOE
facility categories because of the relatively
small number of employees at accelerator
facilities. Regarding internal exposures,
tritium and short-lived airborne activation
products exist at some accelerator facilities,
although annual internal doses are
generally quite low.

Fuel/Uranium Enrichment

The DOE involvement in the nuclear fuel
cycle generally begins with uranium
enrichment operations and facilities [15].
The current method of enrichment is
isotopic separation using the gaseous
diffusion process, which involves diffusing
uranium through a porous membrane and
using the different molecular weights of the
uranium isotopes to achieve separation.

Exhibit C-1:
Facility Type Codes

Facility Type
Code Description

10 Accelerator

21 Fuel/Uranium Enrichment

22 Fuel Fabrication

23 Fuel Processing

40 Maintenance and Support
(Site Wide)

50 Reactor

61 Research, General

62 Research, Fusion

70 Waste Processing/Mgmt.

80 Weapons Fab. and Testing

99 Other

Facility Type Code Descriptions

C1




c2

Although current facility designs and
physical controls result in low doses from
internally deposited uranium,the primary
radiological hazard is the potential for
inhalation of airborne uranium [15].
Because of the low specific activity of
uranium, external dose rates are usually a
few millirem per hour or less. Most of the
external doses that are received are
attributable to gamma exposures, although
neutron exposures can occut, especially
when work is performed near highly
enriched uranium. Both the average and
collective external doses at these facilities
are among the lowest of any DOE facility
category.

Fuel Fabrication

Activities at fuel fabrication facilities
involve the physical conversion of uranium
compounds to usable forms, usually rod-
shaped metal. Radiation exposures to
personnel at these facilities are attributable
almost entirely to gamma and beta
radiation. However, beta radiation is
considered the primary external radiation
hazard because of high beta dose rates (up
to several hundred mrad per hour) at the
surface of uranium rods [15]. For example,
physical modification of uranium metal by
various metalworking operations, such as
machining and lathing operations, requires
protection against beta radiation exposures
to the skin, eyes,and extremities. Average
external doses at fuel fabrication facilities
are generally higher than at other types of
DOE facilities; however, collective doses are
relatively low because the number of
employees is low. Internal doses from
inhalation of uranium are kept very low.

Fuel Processing

The DOE administers several facilities that
reprocess spent reactor fuel. These facilities
separate the plutonium produced in
reactors for use in defense programs. They
also separate the fission products and
uranium; the fission products are normally
designated as radioactive waste products,
while the uranium can be refabricated for
further use as fuel.

The very high radioactivity of fission
products in spent nuclear fuel results in
employees at fuel processing facilities
consistently having among the highest
average doses of any DOE facility type.
However, the collective dose at these
facilities is less significant because of the
small total number of employees.
Penetrating doses are attributable primarily
to gamma photons, although some neutron
exposures do occur. Skin and extremity
doses from handling samples are also
significant, although only a few employees
typically receive skin doses greater than 5
rem/year. Strict controls are in place at fuel
reprocessing facilities to prevent internal
depositions; however, several measurable
intakes typically occur per year. Plutonium
isotopes represent the majority of the
internal depositions,and annual effective
dose equivalents from the depositions are
typically less than 0.5 rem.

Maintenance and Support

Most DOE sites have facilities dedicated to
maintaining and supporting the site. In
addition, some employees may be classified
under this facility type if their main
function is to provide site maintenance and
support,even though they may not be
located at a single facility dedicated to that
purpose.

DOE Occupational Radiation Exposure




Because many maintenance and support
activities at DOE sites do not involve work
near sources of ionizing radiation, the
average dose equivalent per monitored
employee is typically among the lowest of
any facility type. However, those
employees who do perform work near
radiation sources receive relatively high
average annual doses, as is indicated by
the relatively high average annual dose
per employee who receives a measurable
exposure. Also,collective doses are
relatively high because there is a large
number of these employees relative to the
number classified under other facility
types. The sources of ionizing radiation
exposure are primarily gamma photons.
However, variations in the types of work
performed and work locations result in
exposures of all types, including
exposures to beta particles, x-rays,
neutrons, and airborne radioactivity.

Reactor

The DOE and its predecessors have built
and operated dozens of nuclear reactors
since the mid-1940s. These facilities have
included plutonium and tritium
production reactors, prototype reactors
for energy production,research reactors,
reactors designed for special purposes
such as production of medical
radioisotopes,and reactors designed for
the propulsion of naval vessels.

In 1992, many of the DOE reactors were
not operating. As a result, personnel
exposures at DOE reactor facilities were
attributable primarily to gamma photons
and beta particles from contaminated
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equipment and plant areas,spent reactor
fuel,activated reactor components, and
other areas containing fission or
activation products encountered during
plant maintenance and decommissioning
operations. Neutron exposures do occur
at operating reactors,although the
resulting doses are a very small fraction of
the collective penetrating doses. Gamma
dose rates in some plant areas can be
very high (up to several rems per hour),
requiring extensive protective measures.
The average and collective external doses
relative to other facility types are highly
dependent on the status of reactor
operations. Inhalation of airborne
radioactive material is a concern in some
plant areas. However, protective measures,
such as area ventilation or use of
respiratory-protection equipment, result
in low internal doses.

Research, General

The DOE contractors perform research at
many DOE facilities, including all of the
national laboratories. Research is
performed in general areas including
biology,biochemistry health physics,
materials science,environmental science,
epidemiology,and many others. Research
is also performed in more specific areas
such as global warming, hazardous waste
disposal, energy conservation,and energy
production.

The spectrum of research involving
ionizing radiation or radioactive materials
being performed at DOE facilities results
in a wide variety of radiological
conditions. Depending on the research
performed, personnel may be exposed to
virtually any type of external radiation,
including beta particles, gamma photons,

Facility Type Code Descriptions
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x-rays,and neutrons. In addition, there is
the potential for inhalation of radioactive
material. Area dose rates and individual
annual doses are highly variable. Relative
to other facility types, average annual
individual doses are slightly above
average at general research facilities. The
collective dose equivalent is higher than
at most other facility types because of the
many individuals employed at general
research facilities.

Research, Fusion

DOE currently operates both major and
small facilities that participate in research
on fusion energy. In general, both
penetrating and shallow radiation doses
are minimal at these facilities because the
dose rates near the equipment are both
low and intermittent. The external doses
that do occur are attributable primarily to
x-rays from energized equipment. Relative
to other DOE facility types,average
individual doses and collective doses are
typically the lowest at fusion research
facilities. Regarding internal exposures,
airborne tritium is a concern at some
fusion research facilities, although the
current level of operation results in
minimal doses.

Waste Processing/
Management

Most DOE sites have facilities dedicated to
the processing and disposal of radioactive
waste. In general, the dose rates to
employees when handling waste are very
low because of the low specific activities
or the effectiveness of shielding materials.
As a result, very few employees at these

facilities receive annual doses greater than
0.1 rem. At two DOE sites, however, large-
scale waste processing facilities exist to
properly dispose of radioactive waste
products generated during the nuclear fuel
cycle. At these facilities, radiation doses to
some employees can be relatively high,
sometimes exceeding 1 rem/ year.
Penetrating doses at waste processing
facilities are attributable primarily to
gamma photons; however, neutron
exposures are significant at the large-scale
facilities. Skin doses are generally not a
significant problem. Overall, average
annual doses at waste processing/
management facilities are among the
highest of any DOE facility type, which is
attributable primarily to the two large-scale
facilities and the shift in DOE mission from
national defense production to waste
management and environmental
restoration. The annual collective doses
are closer to the average of all facility
types, however, because of the relatively
small number of employees at this type of
facility.

Weapons Fabrication and
Testing

The primary function of a facility in this
category is to fabricate weapons-grade
material for the production or testing of
nuclear weapons. At the testing facilities,
radiation doses received by personnel are
generally minimal because of the strict
controls over personnel access to testing
areas, although extremity doses can be
relatively high from handling neutron-
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activated materials. Radiation doses are
a greater concern at facilities where
weapons and weapons-grade nuclear
material are handled. At these facilities,
neutron radiation dose rates can be
significant when processing relatively
small quantities of **Pu or larger
quantities of mixed plutonium isotopes
[16]. Penetrating doses from gamma
photons and plutonium x-rays can also
be significant in some situations,as can
skin and extremity doses from plutonium
x-rays. Overall,average individual annual
doses at these facilities are slightly higher
than the DOE average. The collective
doses received by employees at these
facilities are generally higher than the
collective doses at other facility types
because of the large number of
individuals employed.

Also of significant concern at these
facilities is inhalation of plutonium,
where inhalation of very small amounts
can result in doses exceeding limits. To
prevent plutonium intakes, strict controls
are in place including process
containment, contamination control
procedures,and air monitoring and
bioassay programs [16]. As a result,
significant internal exposures are very
rare at these facilities.

1995 Report

Other

Individuals included in this facility type
can be generally classified under three
categories: (1) those who worked in a
facility that did not match one of the ten
facility types described above; (2) those
who did not work for any appreciable
time at any specific facility,such as
transient workers; or (3) those for whom
facility type was not indicated on the
report forms. Examples of a facility type
not included in the ten described above
include construction and irradiation
facilities. In general, employees classified
under this facility type receive annual
doses significantly less than the annual
doses averaged over all DOE facilities.
However, the wide variation in the type of
work performed by these individuals
results in a wide variation in the types
and levels of exposures. Although
exposures to gamma photons are
predominant, some individuals may be
exposed to beta particles, x-rays, neutrons,
or airborne radioactive material.

Facility Type Code Descriptions
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Limitations of Data

The following is a description of the
limitations of the data currently available in
the DOE Radiation Exposure Monitoring
System (REMS). While these limitations
have been taken into consideration in the
analysis presented in this report,readers
should be alert to these limitations and
consider their implications when drawing
conclusions from these data.

Individual Dose Records vs
Dose Distribution

Prior to 1987, exposure data were reported
from each facility in terms of a statistical
dose distribution wherein the number of
individuals receiving a dose within specific
dose ranges was reported. The collective
dose was then calculated from the
distribution by multiplying the number of
individuals in each dose range by the
midpoint value of the dose range. Starting
in 1987, reports of individual exposures
were collected that recorded the specific
dose for each monitored individual. The
collective dose can be accurately
determined by summing the total dose for
each individual. The dose distribution
reporting method prior to 1987 resulted in
up to a 20% overestimation of collective
dose. The reason is that the distribution of
doses within a range is usually skewed
toward the lower end of the range. If the
midpoint of the range is multiplied by the
number of people in the range, the product
overestimates the collective dose.

Monitoring Practices

Radiation monitoring practices differ
widely from site to site and are based on
the radiation hazards and work practices at
each site. Sites use different dosimeters and
have different policies on which workers to
monitor. While all sites have achieved
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compliance with the DOE Laboratory
Accreditation Program (DOELAP), which
standardizes the quality of dosimetry
measurements, there are still differences in
the dosimeters used that can contribute to
differences in the collective dose from site
to site. The number of monitored
individuals can significantly impact the
site’s collective dose. Some sites supply
dosimeters to virtually all workers. While
this tends to inflate the number of
monitored workers with no dose, it also can
add a large number of very low dose
workers to the total number of workers with
measurable dose, thereby lowering the site’s
average measurable dose. Even at low
doses, these workers add significantly to the
site collective dose. In contrast,other sites
only monitor workers who exceed the
monitoring requirement threshold (10% of
the dose limit). This tends to reduce the
number of monitored workers and reports
only those workers receiving doses in the
higher dose ranges. This can decrease the
site’s collective dose while increasing the
average measurable dose.

AEDE vs CEDE

Prior to 1990, the dose resulting from
penetrating ionizing radiation (external
dose) and the dose resulting from the
intake of radionuclides (internal dose), was
reported separately. In 1993, the DOE
changed the internal dose calculation
methodology from annual effective dose
equivalent (AEDE) to the 50-year
committed effective dose equivalent
(CEDE). The total effective dose equivalent
(TEDE) then became the sum of the CEDE
and the deep dose equivalent (DDE). This
report presents TEDE data from 1991
through 1995. Internal AEDE data are
reported from 1991 through 1995 and
internal CEDE data are reported for 1993,
1994, and 1995. Where possible, the legacy
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component of the AEDE data is highlighted
when presenting TEDE data that are trended
from 1990 through 1994. See Section 2.4 for
a discussion of this change in requirements.

Occupation Codes

Each individual’s dose record includes the
occupation code for the individual while he
or she worked at the DOE site during the
monitoring year. Any change in occupation
during the monitoring year is not reflected
in the current database. The occupation
codes are very broad categorizations and
are grouped into nine general categories.
Each year a large percentage (up to 20%)
of the occupations are listed as unknown,
or as miscellaneous. The definitions of
each of the labor categories are subject to
interpretation by the reporting organization
and/or the individual’s employer.

Facility Type

The facility type is also recorded with each
dose record for the monitoring year. It is
intended to reflect the type of facility where
the individual received most of their
occupational radiation exposure during the
monitoring year. While the facility types are
clearly defined (see Appendices A and C),
the reporting organizations often have
difficulty tracking which facility type
contributed to the majority of the
individual’s exposure. Certain individuals
tend to work in the

proximity of several different facility types
throughout the monitoring year and are
often included in the “Maintenance and
Support (Site-wide)” facility type. The
facility type for temporary contract workers
and visitors is often not reported and is
defaulted to“unknown?

In addition to these uncertainties, the phase
of operation of the facility types is not

currently reported. A facility type of
“accelerator” may be reported when in fact,
the accelerator has not be in operation for a
considerable time and may be in the
process of stabilization,decommissioning,
or decontamination. In addition, several
sites have commented that they have
difficulty assigning the facility type, because
many of the facilities are no longer
operational. For example, some sites
commented that a reactor that is being
decommissioned is no longer considered a
“reactor” facility type. Other sites continue
to categorize a facility based on the original
intent or design of the facility, regardless of
its current status.

DOE Headquarters will be reviewing the
Facility Type codification scheme and
modifying the reporting requirements to
standardize the use of facility type
classifications and improve the quality of
the data and the data analysis.

Organization Code

Facilities report data to the central
repository based on an“organization code”.
This code identifies the Operations or Field
Office, the reporting facility, and the
contractor or subcontractor that is reporting
the exposure information. The organization
code changes over time as DOE Offices are
reorganized. In some cases, new Operations
or Field Offices are created, in other cases a
Field Office may change organizations and
begin reporting with another Field Office.
Two such changes are noteworthy within
the past several years. The Fernald Field
Office began reporting independently in
1993. Prior to 1993 it reported under the
Oak Ridge Field Office. In 1994,Fernald was
incorporated into the newly created Ohio
Field Office. The Ohio Field Office began
reporting in 1994. For this reason,the
Fernald data are shown under the Ohio
Field Office. The Mound Plant and West
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Valley Project also changed Operations
Office during the past 3 years and are
now shown under the Ohio Field Office.
Footnotes indicate the change in
Operations Offices.

Naval Reactor Facilities

The exposure information for the
Schenectady and Pittsburgh Naval
Reactor facilities is not included in this
report because of limited information
concerning these exposures. Readers
should note that the dose information for
the overall DOE complex presented in
this report may differ from other reports
or sources of information because of the
exclusion of these data.

Exposure information for Naval Reactor
programs can be found in the following
reports:

¢ NT-93-2, February 1993 —
“Occupational Radiation Exposure
from U.S.Naval Nuclear Plants and
Their Support Facilities”,

* NT-93-3, March 1993 —“Occupational
Radiation Exposure from U.S.Naval
Reactors’ Department of Energy
Facilities”,

¢ NT-94-2, March 1994 — “Occupational
Radiation Exposure from U.S.Naval
Nuclear Plants and Their Support
Facilities, and

¢ NT-94-3, March 1994 —“Occupational
Radiation Exposure from U.S.Naval
Reactors’ Department of Energy
Facilities”.
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Updates to the Data

The data in the REMS database are sub-
ject to correction and update on a con-
tinuous basis. Data for prior years are
subject to correction as well as the data
for the most recent year included in this
report. Corrections will be reflected in
subsequent annual reports. For the most
up-to-date status of radiation exposure
information, contact:

Ms.Nirmala Rao

REMS Project Manager

U.S.Department of Energy

Office of Worker Protection Programs and
Hazards Management (EH-52)
Germantown, MD 20874

Limitations of Data
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Access to Radiation Exposure Information

Radiation Exposure
Monitoring System

The data used to compile this report were
obtained from the DOE Radiation Exposure
Monitoring System (REMS), which serves as
the central repository of radiation exposure
information for DOE Headquarters.
Recently the REMS has undergone an
extensive redesign effort in combination
with the efforts involved in revising the
annual report. One of the main goals of the
redesign effort is to allow researchers better
access to the REMS data. However, there is
considerable diversity in the goals and
needs of these researchers. For this reason,
a multi-tiered approach has been
developed to allow researchers flexibility in
accessing the REMS data.

Exhibit E-1 lists the various ways of
accessing the DOE radiation exposure
information contained in REMS. A
description is given for each access
method as well as requirements for access
and skill sets needed for each method.
Descriptions of the intended research
audience and experience level (for
computer systems) are also provided.To
obtain further information,a contact name
and phone number is provided.

A brief summary of the multi-tier access
to the REMS information is shown in
Exhibit F-1.

The data contained in the REMS system is
subject to periodic update. Data for the
current or previous years may be updated
as corrections or additions are submitted
by the sites. For this reason,the data pre-
sented in published reports may not agree
with the current data in the REMS database.
These updates typically have a relatively
small impact on the data and should not
affect the general conclusions and analysis
of the data presented in this report.

1995 Report

Comprehensive
Epidemiologic Data Resource

Of interest to researchers in radiation
exposure is the health risk associated with
the exposure. While the health risk from
occupational exposure is not treated in
this report, it has been extensively
researched by DOE. The Comprehensive
Epidemiologic Data Resource (CEDR)
serves as a central resource for radiation
health risk studies at the DOE.

Epidemiologic studies on health effects of
radiation exposures have been supported
by the DOE for more than 30 years. The
results of these studies, which initially
focused on the evaluation of mortality
among workers employed in the nuclear
weapons complex, have been published in
scientific literature. However, the data
collected during the conduct of the studies
were not widely shared. CEDR has now
been established as a public-use database
to broaden independent access and use of
these data. At its introduction in 1993,
CEDR included primarily occupational
studies of the DOE workforce, including
demographic, employment, exposure, and
mortality follow-up information on more
than 420,000 workers. In the past 2 years,
the program’s holdings have been
expanded to include data from both
occupational and community health
studies,such as those examining the impact
of fallout from nuclear weapons testing,
community dose reconstructions, data from
the decades of follow-up on atomic bomb
survivors,and health surveillance reports
on current DOE workers.

CEDR accomplishes this by a hierarchical
structure that accommodates analysis and
working files generated during a study,as
well as files of documentation that are
critical for understanding the data. CEDR
provides easy access to its holdings through
the Internet or dial-up connections, phone
and mail interchanges, and provides an

Access to Radiation Exposure Information E-1
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extensive catalog of its holdings. CEDR
has become a unique resource
comprising the majority of data that exist
on the risks of radiation exposure.

For further information concerning the
CEDR system, contact

Ms. Barbara G. Brooks

Program Manager

Office of Epidemiologic Studies, EH-62
U.S.Department of Energy

19901 Germantown Road
Germantown, MD 20874-1290

E-mail: barbara.brooks@hq.doe.gov
Or access the CEDR internet web page at
http://cedrlbl.gov

DOE Occupational Radiation Exposure
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